Improving moisture measurement in the corn market by Hurburgh, Charles R., Jr.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1981
Improving moisture measurement in the corn
market
Charles R. Hurburgh Jr.
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Bioresource and Agricultural Engineering Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Hurburgh, Charles R. Jr., "Improving moisture measurement in the corn market " (1981). Retrospective Theses and Dissertations. 7429.
https://lib.dr.iastate.edu/rtd/7429
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. If copyrighted materials were 
deleted you will find a target note listing the pages in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet and to continue from left to right in equal sections with small 
overlaps. If necessary, sectioning is continued again—beginning below the 
first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 
5. Some pages in any document may have indistinct print. In all cases we have 
filmed the best available copy. 
UniversiW 
Micrdfilms 
International 
300 N /ttH RD , ANN AHHOH, Ml 48106 
8209129 
Horburgh, Charies Jr. 
IMPROVING MOISTURE MEASUREMENT IN THE CORN MARKET 
Iowa State University PH.D. 1981 
University 
Microfilms 
Intsrnâtionâl 300X.Z»*Row.AnnArtor.MI49106 
PLEASE NOTE: 
In all cases this material has been filmed in the t>e8t possible way from the available copy. 
Problems encountered with this document have been identified here with a chedt mark V . 
1. Glossy photographs or pages 
2. Colored illustrations, paper or print 
3. Photographs with dark background 
4. Illustrations are poor copy 
5. Pages with black marks, not original copy 
6. Print shows through as there Is text on both sides of page 
7. Indistinct, broken or small print on several pages — 
8. Print exceeds margin requirements 
0. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking wfhen material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numbering only as text follows. 
13. Two pages numbered _. Text follows. 
14. Curling and wrinkled pages 
15. Other 
University 
Microfilms 
International 

Improving moisture measurement in 
the com market 
by 
Charles R. Hurburgh Jr. 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Agricultural Engineering 
Approved : 
In Charge of Major Work 
For the Major Wpartment
Iowa State University 
Ames, Iowa 
1981 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
GLOSSARY ix 
1. INTRODUCTION 1 
2. THE ROLE OF MOISTURE CONTENT IN THE U.S. CORN MARKET 2 
2.1. Purpose of Grain Grading 2 
2.2. The United States Grades and Standards 4 
2.2.1. Scope and application 4 
2.2.2. Historical background 10 
2.3. Problems in Obtaining Accurate Grades 12 
2.3.1. Sources of errors 12 
2.3.2. Reference standards 14 
2.4. The Need for Accurate Moisture Content Information 16 
2.4.1. Effect of moisture content on corn storage and 
utilization 16 
2.4.2. Moisture content pricing mechanisms 21 
2.4.3. Economic aspects of moisture measurement errors 23 
2.5. Moisture Measurement in the Com Market 27 
2.5.1. History of moisture measurement 27 
2.5.2. Reference methods for calibrating moisture 
meters 29 
2.5.3. Strategies for the calibration of moisture 
meters 34 
2.5.4. Maintenance and inspection of moisture meters 40 
3. OBJECTIVES 46 
4. RESEARCH PROCEDURE 47 
4.1. Overall Plan of Work 47 
4.2. Experimental Design amd Methods, 1979 47 
4.3. Experimental Design and Methods, 1980 56 
4.4. Statistical Procedures 56 
4.4.1. Analysis of the general quality of the samples 56 
4.4.2. Analysis of the moisture meter data 61 
iii 
Page 
5. RESULTS-MOISTURE METER PERFORMANCE 67 
5.1. Notation and General Structure of the Datasets 67 
5.2. Comparisons of Meters to the Oven 77 
5.2.1. Steinlite SS250 meter 77 
5.2.2. Burrows 700 meter 84 
5.2.3. Motomco 919 meter 97 
5.2.4. Dickey-john GACII meter 98 
5.2.5. Summary of calibration biases 105 
5.3. Variability of the Oven Measure 108 
5.4. Variability of the Meter Measure 109 
5.5. Variability of Meter-to-Oven Comparisons 112 
5.6. Verification of Laboratory Procedural Design 119 
5.7. Summary and Discussion 121 
6. THE INTERACTION BETWEEN TEST WEIGHT AND MOISTURE CONTENT 123 
6.1. Test Weight as a Measure of Quality 123 
6.2. The Effect of Test Weight on Moisture Meters 127 
6.3. Summary and Discussion 131 
7. APPLICATION OF MOISTURE METER PERFORMANCE TO SHRINKAGE 133 
7.1. Water Weight Changes 133 
7.1.1. Notation 133 
7.1.2. Mathematics 134 
7.2. Shrinkage 138 
7.2.1. Handling losses 138 
7.2.2. Methods of calculating shrinkage 139 
7.2.3. History of shrinkage methods 141 
7.2.4. Comparison of shrinkage methods 143 
7.2.5. The need for accurate shrinkage schedules 148 
7.2.6. Effect of moisture meter bias 149 
7.2.7. Effect of moisture meter variaJaility 152 
iv 
Page 
7.3. Summary and Discussion 156 
8, CONCLUSIONS 158 
9. PROPOSED IMPROVEMENTS TO CORN MOISTURE MEASUREMENT AND 
DISCOUNTING 160 
10. LITERATURE CITED 166 
11. ACKNOWLEDGMENTS 171 
12. APPENDIX A: LABORATORY PROCEDURES AND EQUIPMENT 172 
12.1. Air-oven Method 172 
12.2. Test Weight 172 
12.3. BCFM amd Large Brokens 174 
13. APPENDIX B: A COMPARISON OF OVEN METHODS AMONG SEVERAL 
LABORATORIES 177 
V 
LIST OF FIGURES 
Page 
Figure 2.1. Typical FGIS grading procedure for corn samples 8 
Figure 2.2. Typical country elevator grading procedure for com 
samples 9 
Figure 2.3. Dry matter per bushel 17 
Figure 2.4. Equilibrium moisture content of com 18 
Figure 2.5, Allowable storage time for corn 18 
Figure 2.6. Relationship of combine harvest damage and moisture 
content 20 
Figure 2.7. Discounts for corn at moisture content other than 
15.5% 24 
Figure 2.8. Steinlite SS250, Burrows 700, Motomco 919, and 
Dickey-john GACII meters 30 
Figure 2.9. Relationship of dielectric to moisture content 36 
Figure 2.10. Calibration of direct-reading moisture meters 36 
Figure 2.11. Procedure for the natural grain inspection program 43 
Figure 2.12. Procedure for the meter-to-meter inspection program 44 
Figure 4.1. Iowa State Grain Quality Laboratory 52 
Figure 4.2. Procedure for the analysis of the 1979 samples 53 
Figure 4.3. Procedure for the analysis of the 1980 samples, 
option A 59 
Figure 4.4. Procedure for the analysis of the 1980 samples, 
option B 60 
Figure 5.1. Steinlite SS250 versus the air oven, 1979 samples 81 
Figure 5.2. Steinlite SS250 versus the air-oven, 1980 samples 82 
Figure 5.3. Burrows 700 versus the air-oven, 1979 samples 89 
Figure 5.4. Burrows 700 versus the air-oven, 1980 samples 90 
vi 
Page 
Figure 5. 5. Motomco 919 versus the air-oven, 1979 samples 95 
Figure 5. 6. Motomco 919 versus the air-oven, 1980 seunples 96 
Figure 5. 7. Dickey-john GACII versus the air-oven, 1979 seunples 103 
Figure 5. 8. Dickey-john GACII versus the air-oven, 1980 scunples 104 
Figure 5. 9. Calibration bias patterns for the meters in 1979 106 
Figure 5. 10. Calibration bias patterns for the meters in 1980 107 
Figure 5. 11, Relationship of meter variance to moisture content 110 
Figure 5. 12. Relationship of meter-to-oven variance to moisture 
content 114 
Figure 5. 13. Comparison of variance components for a moisture meter 
test 115 
Figure 5. 14. Losses of moisture during testing of the 1980 
samples 120 
Figure 6. 1. Relationship of test weight and moisture content 126 
Figure 7. 1. Weight of com required to produce 56 lbs at 15.5% 
moisture 137 
Figure 7, 2. -Handling loss allowance included in shrink factors, 
when shrink is tzUcen to 15.5% 146 
Figure 7. 3. Hamdling loss allowance included in shrink factors, 
when shrink is tedcen to 14.0% 147 
Figure 7. 4. Interaction between moisture measurement emd 
shrinkage 153 
Figure 7. 5. Maximum expected random variation of a meter reading 155 
Figure 12 .1. Photograph of the air-oven 173 
Figure 12 .2. Diagram of the test weight apparatus 175 
Figure 12 .3. Photograph of the Carter Dockage Tester 176 
vii 
LIST OF TABLES 
Page 
Table 2.1. Present U.S. grades for corn 5 
Table 2.2. Quality factors in the U.S. com grades 6 
Table 2.3. U.S. grades for corn as adopted December 1, 1916 11 
Table 2.4. Reference standards for corn quality measures 15 
Table 2.5. A comparison of load-average discounting with load-
by-load discounting 26 
Table 2,6. Moisture meters in use at Iowa country elevators 31 
Tcible 2.7. Reference methods for corn moisture determinations 32 
Table 2.8. Coefficient of variation of corn dielectric as 
affected by moisture content 38 
Tcible 2.9. Com conversion chart for the Motomco 919 moisture 
meter 38 
Table 2.10. Moisture meter inspection programs used by states 42 
Table 4.1. Information concerning the 1979 samples 48 
Table 4.2. Terminology used to describe the moisture meter 
samples 49 
Table 4.3. Moisture meters used in comparisons 50 
Table 4.4. Estimated reduction in moisture meter reading from 
repeated testing of a preweighed sample 57 
Table 4.5. Information concerning the 1980 samples 58 
Table 5.1. Notation used in the analysis of moisture meter data 68 
Table 5.2. Example dataset formed from the 1979 comparisons 69 
Table 5.3. Example dataset formed from the 1980 comparisons 71 
Table 5.4. Means and correlation coefficients among quality 
characteristics of the samples 73 
viii 
Page 
TcJsle 5.5. Quality characteristics of the samples, by two-point 
moisture intervals 75 
Table 5.6. Correlation coefficients and overall means for the 
Steinlite SS250 78 
Table 5.7. Performance of the Steinlite SS250 by two-point 
range 80 
Table 5.8. Correlation coefficients and overall me ems for the 
Burrows 700 85 
Table 5.9. Performance of the Burrows 700 by two-point range 88 
Table 5.10. Correlation coefficients and overall means for the 
Motomco 919 91 
Table 5.11. Performemce of the Motomco 919 by two-point range 94 
Table 5.12. Correlation coefficients and overall means for the 
Dickey-john GACII 99 
Table 5.13. Performamce of the Dickey-john GACII by two-point 
range 102 
Table 5.14. Comparison of coefficients of variability for 
variance components 117 
Table 6.1. Variability of test weight measurements on the 
1980 samples 128 
Table 6.2. Economic effects of various shrinkage formulas 144 
Table 13.1. Air-oven moisture content results on com samples 
exchamged November 5, 1978 178 
Table 13.2. Air-oven moisture content results on corn samples 
exchêuiged February 8, 1980 179 
ix 
GLOSSARY 
BCFM Abbreviation for broken corn and foreign material. 
bias A consistent pattern of differences between two measures of 
the same quantity. 
bushel Unit of grain quantity defined to be 56 lbs for corn. 
calibration The process of adjusting the readings of a measuring instru­
ment to be in agreement with a laiboratory procedure. 
dielectric Capability of a material to store electric charge without 
conducting current. Synonymous with dielectric constarnt or 
dielectric strength. 
dish A small sample (M5 g) prepared for oven-drying in a small 
steel drying dish. 
DKT Abbreviation for total damaged kernels, a grade factor. 
drop A single test of an appropriately prepared sample in a 
moisture meter. 
grade The grade factor, in an official inspection, which is 
determining the poorest quality and therefore, determines the numeric 
factor grade of the sample 
grade factor A quality characteristic which is included in the Official 
Grades and Standards. 
grading The process of measuring quality in grain, as distinguished 
from an official inspection. 
HDK Abbreviation for heat damaged kernels, a grade factor. 
neteroske- Lack of constant variance in a set of data or among several 
dasticity sets of data. 
load-average Application of a price discount on the basis of the average 
discounting quality of several loads 
load-by-load Application of a price discount on the basis of the quality 
discounting of each load separately. 
X 
master A measuring device, owned by some central agency, which is 
instrument defined as the reference standard for similar devices 
used in trade. 
meter sample The subsample (of an original seunple) which is actually 
tested in a moisture meter. 
meter-to-meter 
inspection 
program 
A government-sponsored moisture meter inspection program 
which use master meters as the comparison basis for com­
mercial moisture meters. 
moisture Discount applied to the price of com over 15.5% moisture 
discount if the com is to be sold immediately on delivery. 
natural grain 
inspection 
program 
numeric 
grade 
Official 
Grades and 
Standards 
A government-sponsored moisture meter inspection program 
which was oven-tested grain samples as the comqparison 
basis for commercial moisture meters. 
A number grade, 1-5 or Sample, assigned as the result of em 
official inspection. 
The United States grain quality evaluation system 
established by Congress in 1916. 
official The grading of grain by a federally licensed grain 
inspection inspector according to the procedures established in the 
Official Grades and Standards. 
original The total sample collected for use in the moisture meter 
sample study. 
ppb 
point 
portion 
Abbreviation for pounds per bushel (1 bushel = 1.245 ft ), 
the units of measure for test weight. 
One percentage point of moisture. 
A subsample of an original sample, tested by two meters and 
the oven. 
shrink 
factor 
The weight reduction per point applied by a grain buyer 
to corn over 15.5% moisture and which is not going to be 
sold immediately. 
TW Abbreviation for test weight, a grade factor. 
variability Random discrepancies between two measures of the same 
quantity. 
XI 
variance Statistical quantification of variability in the normal 
distribution. 
YC Abbreviation for yellow corn in the Official Grades and 
Standards. 
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1. INTRODUCTION 
Moisture content is a key piece of information in corn trading. 
It functions much like weight in determining the economic worth of a 
corn lot. Both grain buyers and grain sellers have a vested interest 
in obtaining accurate moisture tests. Moisture content is one of the 
pieces of information required for efficient operation of the open 
market. If such information is inaccurate, traders will be exposed 
to higher risk, and will therefore act to protect themselves. There 
is no assurance that their actions will be equitable or that they 
will receive adequate compensation for the increased risks. 
Therefore, the central hypothesis of this work is that com moisture 
measurement and com moisture pricing mechanisms can be improved, to the 
advantage of the entire corn market. Trades ceui be made more equitable, 
and market competitors will be (Jale to bargain more effectively when 
their actions are based on scientifically sound moisture content infor­
mation. 
2 
2. THE POLE OF MOISTURE CONTENT IN 
THE U.S. CORN MARKET 
2.1. Purpose of Grain Grading 
The United States produced more than 7 billion bushels (177 million 
metric tons) of corn in 1980. Com is grown in nearly every state, and 
has varied uses throughout the world. The United States was the leading 
world corn exporter in 1980, selling 2.1 billion bushels (53.3 million 
metric tons) overseas. It was also the largest per capita consumer of 
corn, using about .1500 lbs (0.68 metric tons) per person in 1980 (Iowa 
Crop and Livestock Reporting Service 1981). Com is used for processed 
foods, pastries, sweeteners, animal feed, starch, liquor, and even fuel. 
The diversity of sources and uses of corn meUces it easy to understand 
why product description is required for trading. Description (grading) 
of grain by quality characteristics makes possible the trading of grain 
contracts with neither buyer nor seller personally inspecting the grain 
being traded. Reduced uncertainty about product quality allows traders 
to concentrate on price negotiations. If the graded quality character­
istics have significance to the final user of grain, then the grading 
of grain should enable the marketplace to best distribute varying 
qualities among potential users. 
Quality description may be established by government, as in the 
U.S. Grades and Standards, or it may be structured by the marketplace 
to fit a specific trading situation. 
In all cases, the measured properties are intended to be reflective 
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of corn quality and suitability for consumption. 
Several authors have written aibout the value of grades in commodity 
marketing (Ladd and Martin 1976; Farris 1975; Shepard et al. 1976). 
Following are their main points: 
1. Arguments about quality are reduced and bargaining is allowed 
to center around price and distribution issues. 
2. Buying and selling by description eliminates the need to 
visually inspect a graded commodity for quality assurance. 
3. Grading provides the same information to all parties to 
grain trades, thereby, enhancing price competition. 
4. Grading should enaible the market to allocate the various 
commodities according to the needs of users. 
5. Users far removed from the supply of a graded commodity are 
assured of consistent product quality, regardless of origin 
or growing conditions. 
6. Operational problems of grain merchandisers are reduced if 
standardized qualities are demamded by users. 
7. Suppliers have a rational basis for production and marketing 
decisions. 
Grain quality, and by inference grain stemdards, has been the 
focus of considerable research effort. Researchers are addressing two 
general problems: the accuracy of quality factor measurement and the 
adequacy of the present set of grade characteristics (in the Official 
Grades). Moisture measurement falls in the former category, as there 
4 
is little dispute that moisture content is an in^ rtant quality charac­
teristic of grain. 
The importamce of grain quality research spurred the formation in 
1978 of a United States North Central Regional research project—NC-151, 
Marketing and Delivery of Quality Cereals amd Oilseeds. Scientists 
from 18 North Central lemd gramt institutions amd the USDA are 
participating; in 1980 the USDA and cooperating institutions supported 
34 man years of professional effort dedicated to NC-151 amd grain quality 
issues. Iowa State University is one of the participating institutions. 
2.2. The United States Grades 
and Standards 
2.2,1. Scope and application 
The United States Grades and Standards are the basis for U.S. grain 
trading. Graded characteristics differ slightly among grains, but the 
grades for corn are representative of the basic U.S. system. 
An abbreviated description of the factors in the U.S. Grades 
and Standards is given in Tables 1-2 and 2-2. 
The United States Grades and Standards for grain were established 
by act of Congress in 1916. With changes since 1916, the Act now requires 
that all U.S. grain offered for international shipment be officially 
graded and weighed by the Federal Grain Inspection Service (FGIS). Any 
domestic buyer may, for a fee, obtain a federal inspection. In 
practice, the majority of grain crossing state lines is federally 
graded; grain trading companies usually request the service to reduce 
Table 2.1. Present U.S. grades for corn^  
Minimum Moisture, Broken corn and Damaged kernels 
Grade test weight, 
ppb 
(TW) 
% wet basis 
(MC) 
foreign material 
% 
(BCFM) 
Heat 
% 
(HDK) 
Total 
% 
(DKT) 
1 56 14.0 2.0 0.1 3.0 
2^  54 15.5 3.0 0.2 5.0 
3 52 17.5 4.0 0.5 7.0 
4 49 20.0 5.0 1.0 10.0 
5 46 23.0 7.0 3.0 15.0 
Ul 
S^ample grade com is com that does not meet the requirements for grades 1-5, or which 
contains stones, or which is musty, sour, or heating, or which has cuiy commercially 
objectionable foreign odor. 
T^he levels for No. 2 com are used as a basis for purchasing at country elevators. 
TêJble 2.2. Quality factors in the U.S. corn grades 
Factor Description Unit of measure Methods of measure 
Moisture 
(MC) 
Fraction of water on 
a total weight basis 
Percent, wet basis Air-oven reference method 
Motomco meter, other 
electronic meters 
Test weight 
(TW) 
Bulk density of whole 
kernels 
Pounds per bushel 
(ppb), (1 bushel = 
1.245 ft3) 
One-quart C^ /SOO g) cup 
filled from a height of 
2 inches 
Broken com, 
foreign material 
(BCFM) 
Fraction of fine 
particles and non-
grain material 
Percent, total 
weight basis 
Carter dockage tester with 
12/64-in round hole screen, 
plus handpicking. Hand-held 
12/64-in round hole screen 
plus handpicking 
Heat damage 
(HDK) 
Fraction of kernels 
discolored because of 
excessive heat exposure 
Percent, total 
weight basis 
Visual judgement of grader 
Total damage 
(DKT) 
Fraction of kernels mold 
or insect damaged 
Percent, total 
weight beisis 
Visual judgement of grader 
Musty, sour 
heating 
Presence of mold odors 
or heating grain 
Yes or no judgement Judgement of grader 
Weevily Presence of one live 
weevil per 250 g of 
corn 
Yes or no statement Hand picking 
Sample 
collection 
Collection of a sample 
representative of 
grain lot 
Mechanical diverter 
Pelican 
Hand probe, prescribed pattern 
Other probes 
7 
disputes and establish market quality at the point of origin. 
Any corn inspections conducted by FGIS will establish values of 
all five graded factors, and will assign a numerical grade based upon 
the level of the grade determining factor. Inland trades between 
farmers and country elevators are not subject to the U.S. Grades 
and Standards Act, but normally the same factors are measured and dis­
counted (on a factor by factor basis as opposed to an overall discount 
for a specific numeric grade). Figures 2.1 and 2.2 illustrate the 
differences between official and nonofficial inspections. 
Grain quantity is also a characteristic covered by the Grades 
cmd Standards Act. Weights in official (and normally nonofficial) 
inspections are determined on scales certified to 20 lbs (9.1 kg). 
Scales used for official grades are certified by the Federal Grain 
Inspection Service (FGIS), others by the respective state bureaus of 
weights and measures. Weight in pounds is not, however, the unit 
of trade for grain; grain is sold by the bushel. For trading 
purposes, a bushel is defined as some standard weight—56 lbs (25.4 
kg) for corn—regardless of moisture content. One bushel will not 
always contain the same number of amount of dry matter. At 15.5% 
moisture (the normal trading level), 1 bushel contains 47.32 (21.47 
kg) of dry matter; at 20%, 44.8 lbs (20.33 kg); amd at 13%, 48.7 lbs 
(22.10 kg). Weights of corn over 15.5% are reduced (shrunk) to account 
for excess water, but corn drier than 15.5% is not increased in weight 
to reflect its additional dry matter. Thus, "one bushel" does not always 
8 
SPLIT SAMPLE 
USING BOERNER 
DIVIDER 
APPROX. 2000 g SAMPLE 
SMELL FOR MUSTY, SOUR, OBJECTIONABLE ODORS 
-1000 g 
innn .SPLIT SAMPLE 
-1000 9 USING BOERNER 
DIVIDER TWICE 
WEIGH. SHAKE 
ON 12/64" SIEVE 
ON TOP 
—i 
THRU 
CORN 
BCFM 
%BCFM = BCFM WEIGHT (100) 
TOTAL WEIGHT 
WEIGH, SPREAD OUT, 
PICK OUT DKT, HDK 
FILE 
SAMPLE 
(TO STORAGE) 
WEIGH TO 
INSPECT EXACTLY 250 g, 
DETERMINE MOISTURE 
CORN USING MOTOMCO METER 
SPLIT TO ABOUT 250 g 
USING BOERNER DIVIDER TWICE 
DISCARD -750 g 
-250 g 
UNDAMAGED 
DAMAGED 
«DAMAGED KERNELS = WEIGHT OF DAMAGED KERNELS (100) 
TOTAL WEIGHT 
O = OPERATION 
/\ = INSPECTION 
\7 = STORAGE 
Figure 2.1. Typical FGIS grading procedure for corn samples 
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APPROX. 1000 g SAMPLE 
LOOK FOR OBVIOUS SIGNS OF 
LOW QUALITY (MOLDY KERNELS, 
COBS, HEAT DAMAGE) 
REMOVE, BY HAND, 
250 9 FOR 
MOISTURE DETERMINATION 
DETERMINE MOISTURE 
CONTENT WITH AN 
ELECTRONIC METER 
•750 g 
DISCARD 
-250 g 
OPTIONAL 
DISCARD 
4 
<) 
I 
DISCARD 
OPTIONAL 
RECOMBINE 
DETERMINE 
TEST WEIGHT 
DETERMINE %BCFM 
(ALMOST NEVER ON 
WET CORN) 
HAND PICK 
DKT, HDK 
Figure 2.2. Typical country elevator grading procedure for com 
samples 
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convey the same information even though the initial weight may have 
been measured accurately. 
Discounts for undesirable quality can be severe. While discount 
rates vary seasonally, and from firm to firm, typical com discounts 
in central Iowa, Spring, 1981 were: 
Moisture content; 1.35% or 1.40% shrink per percent moisture 
plus amd 2.5 cents per percent moisture, drying charge. 
Test weight: 2 cents per ppb under 54 ppb 
BCFN: 2 cents per bushel per percent BCFM over 3.0% 
Damage: 1% shrink per percent damage over 5.0* 
As an example of financial effects, the discount for 24% moisture 
corn, with a market price of $3.10 per bushel of 2YC, is 
Discount = (0.0135)(24-15.5)(3.10) + (0.025)(24-15.5) 
= $0.57 per bushel 
2.2.2. Historical background 
Prior to the U.S. Grades and Standards Act of 1916, grain was 
graded by such general terms as "tough", "damp", or "dirty". Quantita­
tive measures were made by some grain buyers, but the results were 
proprietary information, used to gain advantage over buyers without 
such tests. 
Some changes have been made since 1916. FGIS (1980) published a 
history of the Official grades; Table 2.3 shows the com grades as they 
appeared in 1916. 
Comparison of Teibles 2.1 and 2.3 reveals that, for every grade factor 
Table 2.3. U.S. grades for corn as adopted December 1, 1916 (FGIS 1980) 
«Wht, tlT'' «7'" Da.a,ea 
ppb basis * * DKT, % 
1 55 14.0 2.0 0.0 2.0 
2 53 15.5 3.0 0.0 4.0 
3 51 17.5 4.0 0.0 6.0 
4 49 19.5 5.0 0.5 8.0 
5 47 21.5 6.0 1.0 10.0 
6 44 23.5 7.0 3.0 15.0 
Sample grade corn was com which did not meet the requirements for grades 1-6, or which 
contained stones or which was musty, sour, heating, fireburned or immature 
B^asic reference method emd rapid method were the same - the Brown-Duvel oil distillation 
test. 
b 
Screen size for BCFM was 14/64 inch round hole. 
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except test weight, the grade requirements have been liberalized since 
1916. The change in size of the BCFM screen is particularly interesting. 
Data on particle size distribution suggest that what is 2YC, 3% BCFM 
today would have been no better than 4YC, 5% BCFM in 1916. The in­
centives have clearly been in the direction of poorer quality U.S. com. 
Although the grade factors themselves have not changed, merchandising 
patterns, production technology and end use demands are quite different 
now than in 1916. Furthermore, the scientific validity of the initial 
formulation is in some doubt. Hoffman euid Hill (1976) recounted the 
history of U.S. Grades and concluded that trade practice, rather than re­
search, dictated the original grading system and organization. They 
state: "No organized attempt has ever been made to relate grade factors 
or the numerical grades to the value of grain in its various uses, either 
in the original legislation or in the sixty years of application." The 
Hoffman-Hill report questions the rationale for locking the various 
quality factors into five numeric categories. Why, for exemple, eure 
14% MC, 56 ppb TW, 2.0% BCFM, 0.1% HDK, and 3.0% DKT matched as lYC? 
2.3. Problems in Obtaining 
Accurate Grades 
2.3.1. Sources of errors 
Grain lots are not homogeneous, even if the lots are only 
small scunples of larger lots. Grain variations result in measurement 
variations. Measurement errors fall into one of two categories, bias 
or variability. Bias refers to consistent errors in the same direction 
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over mcuiy samples; variability describes differences of a random nature, 
just as likely to be one direction as another. It is important to re­
member that an error in grain grading is defined as a difference from a 
standardized measurement procedure. The "true" or "adisolute" value of 
grain quality is rarely, if ever, known. 
Any grain quality measurement involves two operations, both capable 
of introducing errors. The grain lot must be sampled, and the sample 
must be analyzed for quality. A representative sample, one containing 
characteristics in the same proportions as the lot, is rarely ob­
tained. Certain characteristics, e.g., foreign material, are difficult 
to sample accurately. Others, moisture content for example, are prone 
to analysis errors. Grading errors cause inequities in transaction, auid 
increased uncertainties for both buyers emd sellers. Grain buyers may 
choose to ignore factors which are time consuming to measure or to sample 
accurately. 
Variations introduced by S2unpling zmd testing errors cam be identi­
fied with specific sources. In am evaluation of foreign material sampling, 
Hurburgh (1980) identified three sources of random variability, each 
contributing measurably to overall variations. The same general approach can 
be used for moisture testing, i.e., error magnitudes are estimated on a 
source by source basis, and a rational plem for error control developed. 
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2,3.2. Reference standards 
The validity of a commercial measure is determined by comparison to 
another, more stringent method that has been accepted by scientists. 
For measures such as mass, time, and volume, the reference standards 
are very precise, and are subject to little rzmdom variation. In the 
United States, the National Bureau of Stamdards maintains the primary 
reference standards for weight, volume, and length measures. These are 
platinum masses, glass flasks, and platinum rules against which state 
weight emd measures departments may calibrate their inspection equipment. 
Procedures for calibration and inspection of measuring devices are 
described in NBS Handbook 44 (NBS 1976). 
Grain quality measures are much more difficult to standardize. 
There is a very basic problem of never really knowing the "true" answer, 
as in moisture measurement. Calibrations of rapid measures to reference 
standards are made on grain samples—introducing more variability. Again, 
referring to moisture measurement, researchers have found that the 
reference methods can be as variable in performance as the rapid 
methods they are intended to standardize (Hart and Neustadt 1957). In­
evitably, disagreement over the reference standard leads to uncertainty 
in commerce. 
Finally, there are cases where the measure was arbitrarily defined, 
and thus, no reference exists except the commercial device itself. 
Test weight is in this category. There is no fundamental measure 
corresponding to test weight. Test weight is a measure of bulk density 
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of seeds dropped two inches into a one quart measuring cup. Official 
test weight apparatuses are standardized by conqparison to a single 
master unit maintained by FGIS. Most states do not inspect test weight 
devices used in nonofficial inspection. 
Table 2.4 lists the measures used to describe corn quality, and 
their respective reference standards. 
If the reference standeurd will not necessarily give a "true" value, 
then criteria for establishment of grade standards must originate 
from trade requirements for information, amd from trade usage of quality 
information. For example, the trade uses moisture content data to 
Table 2.4. Reference standards for corn quality measures 
Measure Rapid method Reference standard 
Sample collection Oiverter sanqpler Pelican (USDA 1976) 
(hcuid operated diverter) 
Probe sampler Hand probe, 6 ft 
(Hurburgh 1980) 
Moisture content Electronic meter Air-oven (USDA 1976) 
BCFM Carter Dockage 
Tester 
Hamd screens 
Carter Dockage Tester, 
Master unit (USDA 1976) 
Test weight Quart cup Quart cup, master unit 
(USDA 1976) 
HDK and DKT Visual inspection None-judgement of the 
inspector 
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predict a final, dried, weight from an initial, high moisture, weight. 
The moisture reference method must give values which ceui be used in the 
percentage formula (Section 6) to give accurate predictions of 
final weight. 
2.4. The Need for Accurate Moisture 
Content Information 
2.4.1. Effect of moisture content on com storage amd utilization 
There are several reasons for the importance of moisture content 
to the corn market. The most obvious is that moist grain will not contain 
as much nutritive material (dry matter) per unit of weight as will dry 
grain. Figure 2.3 shows the decline in dry matter weight per 56 lb 
(25.4 kg) bushel as moisture content is increased. Feed value (per 
unit of weight) therefore, declines with increasing moisture content. 
Studies have shown that the conversion efficiency of the dry matter 
is higher with high moisture corn than with low moisture. Thus, the 
livestock producer equipped to feed and store high moisture corn may not 
consider moisture to be the crucial issue that it is to the merchemdizer 
or processor. 
Grain moisture determines the relative humidity of air within a 
grain mass. Figure 2.4 is the equilibrium moisture content curve for 
corn at several temperatures. For any grain conditions, there is a 
specific air relative humidity at which moisture transfer into and out 
of the seeds is exactly balanced. At lower humidities, moisture will 
leave the grain; at higher humidities moisture will enter the grain. 
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Figure 2.3. Dry matter per bushel 
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Figure 2.5. Allowable storage time for corn (data from Saul 1967) 
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Relative humidity in a grain mass is importeuit because the rate 
of mold growth is based in large part on the amount of available moisture 
in the air (Christensen euid Kaufmann 1969). The common stored grain 
molds require a relative humidity of 65% or more to grow actively, 
assuming temperatures are suitable. Saul (1967) investigated the re­
lationship of grain moisture, temperature emd mold invasion. His 
findings. Figure 2.5, are widely used as grain storage criteria. 
Allowable storage time is defined as the length of time required 
for 0.5% of the dry matter to be consumed by molds. Saul observed 
that the com was usually reduced one U.S. grade number after this much 
dry matter had been lost. It was not clear whether the grade reduction 
was always due to increased OKT. Saul also noted that com with low 
physical damage exhibited two to three times the storage capability of 
corn with normal combine damage. 
Combine damage is related to moisture content at harvest. Buchele 
and Waelti (1968) reported a strong correlation (Figure 2.6) between 
percent of kernels with some visible damage and moisture. 
Moisture content is therefore a decision-making variable for all 
handlers of com—when to harvest, how fast to dry, when to store, etc. 
The storage decision, in particular, is sensitive to small changes in 
moisture. 
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Figure 2.6. Relationship of combine harvest dfunage emd moisture 
content (Buchele and Waelti 1968) 
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2.4.2. Moisture content pricing mechanisms 
Com prices are quoted basis 2YC, 15.5% moisture. Com delivered 
to the market at higher levels of moisture will be subject to discount 
in one of two ways. 
Producers sell a considerable amount of grain immediately upon 
delivery to the marketplace. If it is over 15.5% moisture, a moisture 
discount will be charged. The moisture discount covers both weight 
loss and the drying costs. It is normally expressed in units of 
percent of sale price per percentage point of excess moisture. (Cents 
per percentage point may also be used.) By using the moisture discount, 
the elevator is lumping all charges (shrink, drying) into one figure. 
The usual moisture discount in central Iowa is 2.2% of the sale price per 
point over 15.5%. Consider em example of 22,400 lbs of 22% moisture com 
sold on a day when the price of 2YC was $3.00 per bushel. 
22,400 lbs = ~ 400 bushels 56 lbs 
Net price per bushel = $3,00 - 0.022 (22-15.5)(3.00) 
= $2.57 
Wet grain can also be delivered to be put in storage unpriced. 
In this case, the buyer will apply a weight shrink êmd charge a drying 
fee. A warehouse receipt will be issued for the dry bushels as computed 
by the shrinkage method the elevator is using. A warehouse receipt is 
an insured guarantee that em amount of grain will be available to the 
owner at whatever time he should wish to sell the grain. The drying 
fee is usually charged as cents per point of moisture removed per WET 
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BUSHEL delivered. Shrinkage is normally confuted as a fixed percentage 
of wet weight per point of moisture removed. (Section 6 discusses the 
mathematics of shrinkage in more detail.) A shrink percentage of 
1.4% per point and a drying fee of 2.5 cents per point are common in 
Iowa at this time. 
Suppose the owner of the grain just described wishes to store it. 
Dry bushels = 
= 22,400 - 0.014 (22-15.5)(22,400)/56 
= 363.6 dry bushels 
And he will pay a drying fee ; 
Drying fee = (400)($0.025)(22.0-15.5) 
= $65.00 
Some grain buyers will not distinguish between sale of wet grain 
and stored grain, but will instead charge shrink plus drying to all 
wet corn. 
The net return will not always be the same for moisture 
discount pricing and for the shrink plus drying pricing. Usually, 
the moisture discount will return the seller slightly more, as an induce­
ment to sell immediately. An immediate sale gives the buyer more flexi­
bility in handling the grain, and the option of storing wet com for 
blending purposes. 
For either discounting mechanism, one percent of moisture in com 
is worth about seven cents per bushel at present day prices (see Figure 2-7). 
The seller will suffer economic loss if the corn is wetter or drier than 
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15.5%. If wetter, the discount will cost the seller directly. If drier, 
the lost weight plus any drying expense will cost him indirectly. A 
certain inconsistency is present here, because it is well-known that 
15.5% com cannot be safely stored through the year. Also, standa^ fd 
for the highest grade, lYC, is 14.0% even though no reward is issued to 
any seller meeting that standard. 
2.4.3. Economic aspects of moisture measurement errors 
An error in moisture measurement could cause unwise grain storage 
decisions, and most assuredly will result in inequitable trades. The 
economic loss (which can fall on either buyer or seller) will be equal 
to the amount of error times the value of one point of moisture. 
It is necessary to reemphasize the distinction between bias errors 
and random errors. Bias errors are consistent deviations, favoring 
one side over the other. Random errors are unpredictable and in 
either direction. Random errors may be assumed to approximate a 
statistically normal distribution. 
Bias errors produce the least tolerable inequities but fortunately 
are relatively easy to correct. Consistent moisture meter bias is 
indicative of an erroneous calibration of the meter to the reference 
standard. There was reason to suspect bias in moisture meter 
calibrations. Martin and Schwarberg (1980) found certain brands of 
meters to be positively biased (higher readings them the oven) by eibout 
1.25 points at corn moistures between 15% and 22%. A 1978 preliminary 
study (Hurburgh et al. 1979) indicated much the same trends but 
24 
S 
1.40 
1.20 -
1.00 -
00 =
CO 
- 0.80 
S 
S 0.60 
0VERDRYIN6 A DISCOUNT 
S 4  ^
S 
oo 
0.40 -
0.20 -
0.00 1 
10 
1 
15 20 25 30 
MOISTURE CONTENT, PERCENT 
35 
Figure 2.7. Discounts for corn at moisture content other than 
15.5% (assumptions: 1.40% shrink factor, 2.5 cents 
per point drying cost) 
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neither study encompassed the entire moisture range encountered in trade. 
Neither study contained sufficient data to form statistically valid 
conclusions. 
The existence of a high moisture reading is not proof that net 
economic loss was suffered by sellers, as a whole. Merchandisers need 
certain level of profit to remain in business; those profits can 
originate from several sources. However, if sellers of wet grain were 
being discounted excessively for moisture, it is likely that the 
distribution of payments among individual sellers would be inequiteible. 
It can also be argued that the inclusion of discretionary discounts into 
a measurement does not transmit economic signals as effectively as 
direct discounts. A seller must accept the meter reading, as there exists 
no method to verify it. In essence, the meter reading is similar to the 
net weight stamped on camned foods; one is forced to assume that it is 
an accurate measure. 
Random errors are inevitable in moisture measurement. On the 
average, these errors camcel out, but a buyer or seller of an individual 
grain lot may be affected adversely. Most grain buyers purchase 
Mrge amounts of grain; thus, random variability is not a severe 
problem for them. Even sellers with several loads will be somewhat pro­
tected from random errors. 
A reasonable estimate for the standard deviation of a single moisture 
test is 1.0 point. If that seller delivers ten loads (approximately 
4,00Q bushels), then the standard error of the average moisture is only 
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about 0.3 points. In mamy situations, the random errors cancel out, with 
little overall effect on trades. 
The structure of the U.S. grading system creates one peculiarity 
where random errors do not cauicel out among buyers and sellers. Suppose 
the overall average moisture of the ten loads weus exactly 15.5%, with a 
standard deviation among loads of 1.0 point. Thé buyer has two dis­
counting options, discount on the average of all loads, or discount load-
by- load. Table 2.5 illustrates an example of the possible outcomes. 
Table 2.5. A comparison of load-average discounting with load-by-load 
discounting 
Load Bushels 
Moisture 
test, 
% 
Discount for 
Load 
average 
moisture, 
Load by 
load 
1 400 17.0 0 $40.20 
2 400 17.0 0 40.20 
3 400 16.5 0 26.80 
4 400 16.0 0 13.40 
5 400 15.5 0 0 
6 400 15.5 0 0 
7 400 15.5 0 0 
8 400 14.5 0 0 
9 400 14.0 0 0 
10 400 14.0 _0 0 
Average 15.5 
Totals 4000 0 $120.60 
A^ssumes 1.40% shrink factor, 2.5C per bushel drying cheurge, and 
$3.00 per bushel of 2YC. 
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The lack of premiums for grain below 15.5% creates a situation 
where the buyer, if discounts are applied load-by-load, will benefit from 
random variability. 
Load-average discounting is one solution to variability; another, 
dry matter basis pricing, is discussed in Chapter 9. Load averaging 
by itself is not perfect. In the example, the standard error of 
the ten-load average is 0.3 point. This means that the "true" 
moisture of the ten loads lies between 14.9% 2md 16.1% (95% confidence, 
+/-2 standard errors). Some sellers will still lose, even with load-
averaging (up to 0.6 point or $160.80 for the ten loads.) Load 
averaging simply "averages the averages", and reduces the risk to any 
particular seller. The cutoff value 15.5% still assures that there 
will be some inequitable settlements. 
The "cutoff point" situation also applies to the other quality 
measures. All quality measures are variable to greater or lesser 
degrees. As long as there are no premiums for above-grade grain, the 
variability will always fall more heavily upon sellers them buyers. 
2.5. Moisture Measurement in the 
Corn Market 
2.5.1. History of moisture measurement 
The grain trade normally uses an electronic meter for moisture 
determinations. The meter is calibrated to give results equivalent to 
some laboratory reference standard. Meters respond to em electrical 
property of the grain, most often dielectric (Zeleny and Hunt 1962). 
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Dielectric is related to moisture content (ASAE 1981b) , but research has 
shown that the relationship is influenced by other variables (Nelson 1977). 
Temperature and bulk density affect dielectric of grains. Certain meter 
brands have corrections to indicate moisture readings for these properties 
(Stein Laboratories, Inc. 1979). Preliminary data indicate that physical 
kernel damage and grain variety also exert significant influence on the 
dielectric properties of grains (Hurburgh, C. R. 1981. Unpublished data. 
Agricultural Engineering Department, Iowa State University, Ames, Iowa). 
Widespread use of the electronic meter is a comparatively recent 
practice. The Motomco 919 meter was accepted as the official device 
of the USDA in 1962 (FGIS 1980); prior to that time all official, grain 
moisture determinations were made using the Brown-Duvel oil distilla­
tion method. The Brown-Duvel method requires the cooking of a sag%)le 
in hot oil for about 20 minutes. The water thus boiled off is condensed 
and measured (AACC 1970). Moisture measurements were slow and messy, 
but from 1916 until 1935 this was the only recognized "rapid" method. 
The concept of electronic determination of moisture was first 
reported in 1908 (Zeleny and Hunt 1962). Early meters measured 
resistance rather tham dielectric. Com was pressed between two 
electrodes and exposed to a voltage. The meter measured voltage drop 
as current flowed through the moist grain. The Tag-Heppenstall (first 
meter used in Federal inspections) was a continuous flow resistance 
meter; about 100 g was passed through, kernel by kernel. Variations in 
moisture aumong kernels, especially at high moistures, caused unstable 
readings. 
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Consequently, the development of dielectric meters was well-received 
by the grain trade. Several companies began the manufacture of such 
devices in the 1930s. From 1957 to 1960, the USDA tested two dielectric 
meters against the Tag-Heppenstall (USDA 1963) and selected one, the 
Motomco 919, in 1962. The Motomco 919 meter is now the meter used by 
the Federal Grain Inspection Service in all offical grain inspections. 
Other moisture meter brands, Steinlite, Burrows, and Dickey-john 
(see Figure 2.8), are widely used at country elevators where official 
inspections are not required, in addition, many brands of smaller, 
less expensive moisture meters are available. Ihese meters are used by 
farmers and normally give more varieible readings them their commercial 
counterparts (Bern and Hurburgh 1981). 
At this time there are eibout 2500 commercial meters in Iowa. Table 
2.6 gives the breakdown by brand and model in Iowa as of April 1981. 
2.5.2. Reference methods for calibrating moisture meters 
Because a moisture meter measures a property affected by water 
content, but not the actual water content, it requires calibration to a 
reference method capable of extracting water from samples. 
There are numerous reference methods in use, as shown in the 
following table. 
The reference methods do not all agree with each other, as several 
studies have shown (Nelson 1978, Hart emd Neustadt 1957). The reference 
problem is complicated by the fact that professional societies such as 
American Association of Cereal Chemists (AACC) publish several reference 
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Burrows 700 left, Dickey-john GAC II right 
Steinlite SS250 left, Motomco 919 right 
Figure 2.8. Steinlite SS250, Burrows 700, Motomco 919 emd Dickey-john 
GACII meters 
Table 2.6. Moisture meters in use at Iowa country elevators (figures supplied by the Iowa 
Department of Agriculture, April 19, 1980) 
Manufacturer Model Number in Rank 
use 
Steinlite SS250 450 1 
Steinlite Automatic 350 3 
Steinlite RCT 325 4 
Steinlite RC500 240 5 
Steinlite DM 180 6 
Steinlite DL 140 8 
Steinlite s 120 9 
Steinlite G 85 11 
Subtotal Steinlite 1885 
Burrows 700 450 1 
Motomco 919 150 7 
Dickey-john GACII 90 10 
TOTAL 2575 
Table 2.7, Reference methods for com moisture determination^  
AACC^  AGAC^  USDA^  USSR CANADA ENGLAND FRANCE e ICC iscf CEE^  
Corn, whole 2,13» - 2,13 4,5,11 2,13 - 9 - - -
Corn, ground 6,10 6,10 - 4,5,11 - 1,6,7 3,8,12 8,12 8,12 8 
*From Hunt and Pixton (1974). 
A^merican Association of Cereal Chemists. 
A^ssociation of Official Analytical Chemists. 
U^nited States Department of Agriculture. 
I^nternational Association for Cereal Chemistry. 
I^nternational Standardization Organization. 
E^uropean Economic Community. 
»Key to numbers in table : 1) Air Oven, 103°C for 3 hr; 2) Air Oven, 103*C for 72 hr; 3) Air 
Oven, 102*C for 17 hr constant weight-corrective for relative humidity; 4) Air Oven, 105*C for 30 
min, plus 130»C for 40 min; 5) Air Oven, 130»C for 40 min; 6) Air Oven, 130"C for 1 hr; 7) Air 
Oven, 130*C for 2 hr; 8) Air Oven, 130°C for 4 hr; 9) Air Oven, 130*C for 38 hr; 10) Vacuum Oven, 
70®C at 5 hr or constant weight; 11) Vacuum Oven, 105*C for 30 min plus 130*C for 1 hr; 12) Glass 
drying tube, at 10 to 20 mm Hg pressure, temperature of 45® to 50*C, with PgO^  as desiccant; 13) 
Model 919 moisture meter (Motomco, CAE, Halross). 
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methods without addressing questions of nonagreement. There are six 
methods applicable to com in the latest AACC H2mdbook (AACC 1970) . 
USDA has adopted a 72 h air-oven heating method as its reference 
method for calibrating Motomco meters. (See Appendix A, section A.l 
for detailed description of the method.) This method has been used 
as the official standard since 1959. 
Several criticisms of the USDA method have surfaced. Constant 
weight is not reached in 72 hours (Sitzmann 1980). Flinty com varie­
ties may not be dried as completely as softer varieties (Jones and 
Brickenkamp 1980). Results are affected by small variations in oven 
temperature (Hurburgh, C. R. 1980. Unpublished data. Agricultural 
Engineering Department, Iowa State University) euid laboratory room eibsolute 
humidity (Balascio, C. B. 1981. Unpublished data. Agricultural Engi­
neering Department, Iowa State University. 
The 72 h whole kernel procedure was selected on the basis of a 
1957 study in which comparisons were made among the then-standard 
boiling water oven, and the Karl Fischer titration method (Hart emd 
Neustadt 1957). The latter method is considered by many to give the 
closest measure of "true" moisture content. It involves a chemical 
reaction specific to water (Fischer 1935). In the past, logistical 
considerations have limited its use as a routine standard. Heurt and 
Neustadt concluded that the 72h air-oven method gave values of moisture 
content within 0.3 percentage points of the Karl Fischer method. On 
the 65 samples tested, however, the standard deviation of comparison 
was 1.2 percentage points, equal to or greater than, the variability 
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between any two electronic meters or between a meter and the oven. Recent 
work by the Illinois Department of Agriculture (Colbrook, S. F. 1981. 
Unpublished data, Illinois Department of Agriculture, Ennnerson Building, 
State Fairgrounds, Springfield, Illinois), has not confirmed the Hart-
Neustadt study; the Karl Fischer method yielded results 0.5 to 1.0 
points higher tham the oven. 
One cam become excessively absorbed in the quest for an absolutely 
accurate reference method as such a method would be difficult to verify. 
The absolute answer is not essential for trading purposes. The trade 
requires a method which gives consistent, repeataJale results that will 
predict weight chauiges from drying operations. The ideal reference 
method also needs to be insensitive to grain properties other than 
moisture eind to small laboratory procedure variations. Whether the 
current USDA reference method meets these needs is not known. 
The USDA air-oven method is relatively precise; the accepted 
within-method standard deviation is 0.2 points (Zeleny and Hunt 1962). 
2.5,3. Strategies for the calibration of moisture meters 
Calibration of a moisture meter involves matching a reference 
method value to a dielectric measurement on the same sample. The 
basic shape of the dielectric-moisture curve is shown in Figure 2.9. 
The biasing effect of other grain characteristics, in this case 
temperature, is also depicted. An important point is that sample-to-
sample variations exist in the dielectric-moisture relationship. 
Even if present day meters measure dielectric accurately (Wishna 1981), 
there will automatically be variability in moisture test results. 
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Nelson's work (1978) gives some insight into the magnitude of sample to 
sample varieibility in dielectric properties. The following table con­
tains his coefficients of variation (CV). A column has been added 
translating the CVs into a 95% confidence ramge in percent moisture 
units. A linear, or nearly linear, conversion of dielectric to 
moisture was assumed. 
Nelson's results were obtained using a special test cell, amd 
corn hand shelled in the laboratory. Variability (of moisture results) 
is expected to increase as moisture increases. How well commercial 
meters testing random field shelled samples would perform was not known. 
The ideal dielectric meter would fit calibration curve AB (of 
Figure 2.9) and would medce requisite adjustments for biasing properties. 
One of several calibration strategies may be employed. 
The simplest calibration method is the use of manual look-up charts. 
The meter displays the value of dielectric, or a value mathematically 
derived from the measured dielectric (such as the natural log of di­
electric) . The operator then consults a chart to determine percent 
moisture. As an example, the Motomco is a chart meter meter; one com 
chart is given in Teible 2.9. 
Look-up charts have some inherent advantages. There is no 
restriction on the curvatures AB which can be modelled. Calibration 
changes do not require internal meter modifications, only the printing 
of new charts. Calibrations for all grains can be developed without 
internal programming assumptions. 
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Figure 2.10. Calibration of direct-reading moisture meters 
Table 2.8. Coefficient of variation of corn dielectric as affected by moisture content 
(adapted from Nelson 1978) 
Moisture CV of 95% confidence 
content, dielectric, percent interval, in percent 
percent (at 20 Mz) moisture 
10 4.1 + 0.8 
15 3.4 + 1.0 
20 2.5 + 1.0 
25 2.6 + 1.3 
30 3.4 + 2.0 
35 5.9 + 4.1 
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Table 2.9. Corn conversion chart for the Motomco 919 moisture meter 
SAMPLE SIZE 260 GRAMS 
MOTOMCO MOISTURE METER CONVERSION CHART 
CALIBRATE AT g I CORN I 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
733 
7.64 
7.76 
7.67 
8.19 
8.62 
8.83 
9.06 
9.26 
9.48 
969 
9.91 
10.12 
10.34 
10.66 
10.77 
10.98 
11.20 
11.41 
11.63 
11.84 
12.06 
12.27 
12.46 
12.70 
12.^ 2 
13.13 
13.36 
13.86 
13.78 
13.99 
14.21 
14.43 
14.64 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
87 
90 
61 
92 
93 
94 
95 
96 
97 
98 
99 
100 
maa#m, MaWwra Raa#m# Maittu ra INSTRUCTIONS 
1 4.10 51 14J6 1 To obtain pares nt moiiAirt to tandis of a d*l #vWom, sea 
2 4J1 52 1SX>7 vWw as baiOM am 1 add to portant motsftira. 
3 
4 
4.68 
4.74 
53 
54 
16.28 
16.60 PRACTIONAL METIR RIAONM VALU88 
5 4.96 55 16.72 
.1 .02% •4 .08% .7 .16% 
6 6.17 56 16.83 .2 .04% .5 .11% M .17% 
7 6.39 57 16.16 .3 .08% .8 .13% .8 .19% 
8 &60 58 16.36 
9 6.82 56 16.66 2 TEMPERATURE CORRECTION: (add or subtract to parcani 
10 6.03 60 16.79 moisiura) 
11 K26 61 17.01 (a) If sampla tamp II balow 77 • P., add eorrac6on 
12 6.46 62 17.22 (b) If smmpi# tamp IS ibova 77* F., subtract conaciion. 
13 6.66 63 17.44 
14 6.88 64 17.65 Tamp. % Tar np. % Tamp % Tamp. % 
15 7 11 65 17.87 • P If |! I 
19.08 
18.30 
18.61 
18.73 
18.94 
16.16 
16.37 
19.68 
16.80 
20.02 
20.23 
20.45 
20.66 
20.88 
21.08 
2 3J1 28 2J6 54 1J0 to -0.19 
3 3J8 29 2.80 55 1.16 -9.21 
4 3J0 30 2M 96 1.08 •2 -0J9 
5 376 31 2Â0 57 S3 -oai 
6 3.70 32 2J6 58 0J8 W -0J9 
7 3J86 33 2J8 59 0J4 w -041 
6 3J0 34 2J4 60 0J8 IB 
9 3.64 35 2.16 61 OJS 87 -OJU 
10 3V# 36 2.14 62 0.78 M -0J7 
11 3  ^ 37 2.08 63 0.73 « -0J3 
12 3.38 38 2.09 64 0J88 90 -0J8 
13 3J4 39 1J8 65 0J83 91 -0.7: 
14 3.28 40 1.93 66 0J7 93 -0.78 
15 3.23 41 1J8 67 0J2 93 -9jn 
16 3.18 42 1J2 68 047 9* -OM 
17 313 43 1.77 69 042 96 ~0M 
18 3.07 44 1.72 70 0J8 99 -OM 
19 3.02 45 1J7 71 0J1 97 
20 2.97 46 1J2 72 0J8 98 -^M 
21 2.92 47 1J6 73 0.21 99 -1.19 
22 2J7 48 1.61 74 0.16 100 -1J0 
23 2J1 49 1V«6 75 0.10 101 -1J8 
24 2.76 50 1.41 76 om 103 -1J0 
25 2 7 1  51 1.36 77 103 -1JB 
26 2J6 52 1 jO 78 -OM 10* -Ml 
27 2J1 53 1.26 79 -o.to 109 -1M 
3 EXAMPLE 
(Awumt dial rwding of 43.7 and tempMWf# of 82*) 
For dial r««din9 of 43.0 meistur* is 13L13% 
Fractional matar valua for .7 is .16% 
Thus dial raadtmg of 43 7 13.26 % for «mparaturt of %TP subtract J8% 
Final moistura IS 13102% 
U.S. DEPARTMENT OF AGRICULTURE 
FEDERAL GRAIN INSPECTION SERVICE REPRINTED #V MOTOMCO INC. 
ELECTRONICS DIVISION • 80X 300 «PATEREON. NEW JER8EY 07513 
(201)3464200 
C»i8rtfio.C*l-C 
CFfiCTIVI t-IS-Tt 
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Users object to chart machines on the basis of the extra effort 
and time required. Errors in transcription are also possible. Grain 
buyers contend that sellers prefer to have the meter display the moisture 
value directly, thus, reducing the possibility of human errors. "Hie 
European Economic Community (EEC) has taken a strong stzmd against 
nonautomatic devices; the proposed OIML (Organization Internationale 
de Metrologie Legale) standards, which govern all trades in the EEC, do 
not allow readings of nonautomatic meters to be used for trade (OIML 
1979). 
In an effort to provide the trade with a direct reading machine, 
the so-called "linear" meter was developed. These meters have a pre­
programmed curve shape, the slope and vertical position of which can be 
altered by am external adjustment. Linear is somewhat a misnomer, be­
cause the basic shape is not usually a straight line. All but the most 
recent of direct reading meters are linear meters. 
The qualitative performance of linear meters is depicted in Figure 
2.10. Line CD demonstrates the performance of the meter when one cali­
bration setting is used across the entire range of moisture content 
values. 
Bias errors are inevitable at some values of moisture. The 
recent corn calibrations of linear meters (developed from the data 
reported in this dissertation) are split at some middle value, as in 
EFGH. The basic shape of GH is the same as EF, but with a different 
slope and vertical intercept setting. The split, or two-range. 
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calibration is unpopular with users as it often requires extra testing 
of samples with moistures near the shift point. 
Adjustment of calibration slopes and intercepts is not difficult. 
On the Steinlite SS250 meter (see Figure 2.8) the adjustments are con­
tained in a factory set module ; the Burrows meter is altered by rotating 
two variaUole resistors inside the front case. 
The most recent development is the "microprocessor" meter; a 
meter with programmaible constants to fit a calibration equation. In 
Figure 2.8 the microprocessor meters are represented by the Dickey-
john GAC-II. The user enters calibration constants via the keyboard 
into permanent memory. This meter also provides a hard copy printout 
and estimates test weight. The test weight measurement is required 
for automatic bulk density corrections. In theory, the microprocessor 
meter should approach the accuracy of look-up charts. In practice, the 
microprocessor machine has been forced to use a split corn calibration. 
Capability to fit a more complex equation could eliminate this problem. 
2.5.4. Maintenance and inspection of moisture meters 
Moisture meters are a device of trade, employed to determine quanti­
ties in a legal sense. Furthermore, they are subject to failure, and wear. 
Therefore, inspection emd certification programs are needed to maintain 
the accuracy, even in well-calibrated meters. These programs are 
government managed, by either federal or state agencies. Their purpose 
is to identify defective, out-of-service meters, and to assure that 
meter operators are using the latest calibrations. 
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Moisture meters (Motomcos) owned by FGIS or its licensed designates 
are calibrated, maintained and inspected by FGIS. Calibrations are 
drawn at a central laboratory; inspections of meters in field service 
are made with a set of six low moisture wheat samples (USDA 1976). 
The six samples are taken from the same original grain lot and remge 
in weight from less than 200 grams to more than 320 grams. Although 
the meter normally requires 250 grams, it will respond predictably to 
weights above and below the norm. Heavier samples provide more oppor­
tunity for storage of electric charge, and give higher apparent 
moistures. Light samples react conversely. The six check szunples 
are tested on the "master" meter in the FGIS central leiboratory, then 
sealed and mailed to the field office whose meter is being checked. If 
the field office meter registers more than 0.2 points different from 
the master, the field office meter is recalled for service. In the 
scune manner, FGIS field offices check meters in their licensed designates 
using the previously certified field office meter as the master. 
The FGIS program is thus a meter-to-meter program. By implication, 
the standard deviation of comparison between two in-service meters 
is 0.2 points or less. 
Moisture meters used in trades not subject to the U.S. Grades and 
Standards are inspected by the individual states. No meter manufacturer 
has a formal maintenance inspection program; in the aibsence of a rapid 
means of on-site checktesting, the user must rely on a government 
inspection to keep his meter in-service. 
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Table 2.10 presents a compilation of state programs presented in 
1979 to the National Conference on Weights and Measures. The balance 
of states do not have meter inspection programs. 
Table 2.10. Moisture meter inspection programs used by states 
(Hindsman 1979) 
Progreun Usage 
Natural grain 20 states 
Meter to meter 3 states, FGIS 
Electronic tests 2 states 
Manufacturer's specifications 1 state 
The two most prevalent state inspection programs are the natural 
grain and the meter-to-meter inspections. The natural grain program 
is shown schematically in Figure 2.11 «md the meter-to-meter in 
Figure 2.12. 
Natural grain programs, typically use a tolerance +0.04 times 
moisture value for com inspections (Brickenkamp 1978). The meter 
to meter programs in Iowa and Illinois use a tolerance of 0.5 points 
up to 22% moisture and 1.0 point above 22%. Few inspections, in either 
method, can be made above 22% because samples cannot be preserved 
effectively. 
A key assumption of the naxural grain program is that the moisture 
of an inspector's sample does not change as the sample is repeatedly used in 
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ORIGINAL LOT 
(UP TO 1 BUSHEL, 22-24* MOISTURE) 
A DIVIDE IN B THIRDS C 
1 
CLEAN 
AIR-DRY TO 18% 
HANDLE AS IN 
SUBLOT B 
CLEAN 
TAKE TEST 
WEIGHT 
I 
DIVIDE INTO AS 
MANY ONE PINT 
SUBSAMPLES AS POSSIBLE 
CLEAN 
AIR-DRY TO 15% 
HANDLE AS IN 
SUBLOT B 
3 OVEN 
DISHES 
LAB METERS 
TOLERANCE = ±0.04(MC) 
COMPARE INSPECTOR'S 
METERS TO LAB METERS 
TOLERANCE = ±0.5 POINTS 
REFRIGERATE 
ALL BUT ONE 
FOR INSPECTION 
USE 
ONE A, ONE B, ONE C 
PORTION PER INSPECTION 
INSPECTOR'S METER 
DISCARD COMPARE ELEVATOR'S METER 
TO INSPECTOR'S METER 
TOLERANCE - ±0.5 POINTS 
RESEAL, REUSE SAMPLES 
MANY TIMES 
Figure 2.11. Procedure for the natural grain inspection program 
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ORIGINAL LOT 
(UP TO 1 BUSHEL, 22-24% MOISTURE) 
A DIVIDE IN B THIRDS C 
1 1 
CLEAN 
AIR-DRY TO ABOUT 18% 
MOISTURE 
I 
DIVIDE, ANALYZE, 
AND USE AS IN 
SUBSAMPLE B 
LAB METERS 
TOLERANCE = 
CLEAN 
TAKE TEST 
WEIGHT 
I 
DIVIDE INTO ONE 
PINT SUBSAMPLES 
(AS MANY AS POSSIBLE) 
CLEAN 
AIR-DRY TO ABOUT 15% 
MOISTURE 
I 
DIVIDE, ANALYZE. 
AND USE AS IN 
SUBSAMPLE B 
3 OVEN 
DISHES 
REFRIGERATE 
ALL BUT ONE 
FOR INSPECTION 
USE 
RESULT ASSIGNED 
TO ALL PORTIONS 
±0.04(MC) 
ONE A, ONE B, ONE C 
PER INSPECTION 
DISCARD LAB PORTION 
COMPARE ELEVATOR'S METER TO 
OVEN MOISTURE 
TOLERANCE = ±0.04(MC) 
RESEAL, REUSE SAMPLES 
8-10 TIMES BEFORE 
DISCARDING 
Figure 2.12. Procedure for the meter-to-meter inspection program 
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commercial meters. Even with refrigeration, the Illinois Department 
of Agriculture inspectors found that they were not eJale to maintain 
the moisture of inspection samples (Martin and Schwarberg 1980). A 
0.1 point fall in the sample moisture relative to the preassigned 
value will cause effectively a 12% reduction in the toleremce range (at 
20% moisture). If tolerances are designed statistically then functional 
meters will be failed. To avoid these problems, the two states with the 
most meters to inspect, Iowa and Illinois, use a meter-to-meter program. 
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3. OBJECTIVES 
Obtain data to determine the accuracy of commercial moisture 
meter calibrations, and the anticipated reuidom variability 
of moisture meters. 
Identify the sources of random variations. 
Assess the impact of moisture measurement errors on pricing 
practices at inland corn markets. 
Describe marketing practices which would reduce moisture 
measurement errors and improve the equitability of 
moisture discounts. 
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4. RESEARCH PROCEDURE 
4.1. Overall Plan of Work 
1. The performemce of commercial moisture meters was studied for 
two crop years, 1979 and 1980. Meter readings were compared 
to air-oven results on a sêunple-by-sample basis. All tests 
were performed in triplicate so that estimates of variance could 
be obtained. Each year's sample set contained enough sêunples 
to permit statistical analysis of calibration biases. The 
specific laboratory procedure is described in Sections 4.2 
and 4.3. 
2. Statistical procedures, described in Section 4.4, were applied 
to each year's data. 
3. A mathematical analysis of corn moisture discounting practices 
was made. Performance characteristics of moisture meters 
were then included in the analysis. The effect of meter bias 
and variability was estimated. 
4. A set of proposed moisture content marketing improvements 
was formulated. 
4.2. Experimental Design and Methods, 1979 
Samples used in the 1979 comparisons were obtained from several 
sources. Table 4.1 is a summary of sources, location codes, and other 
pertinent information about the 1979 seunples. Table 4.2 contains defini­
tions of terms used to reference samples or subsamples. These saune 
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Table 4.1. Information concerning the 1979 samples 
Number 
Location Source of Range of oven 
Code . a moisture content 
seunples 
1 ISU Agronomy plots 7 B73xVa38 23.47 - 36.55 
2 ISU Agronomy plots 6 B73xMol7 33.26 - 36.45 
3 ISU Agronomy plots 6 Mol7xB68 33.47 - 37.41 
4 ISU Agronomy plots 4 B37xB75 32.61 - 33.51 
5 ISU Agronomy plots 6 B84xMol7 21.23 - 33.08 
6 Elevator A 17 Mixed 11.61 - 25.26 
7 Elevator C 30 Mixed 14.44 - 22.80 
8 Elevator B 28 Mixed 21.03 - 25.94 
9 ISU Curtiss Farm 7 Mixed 14.65 - 23,19 
10 The Andersons 9 Mixed 24.52 - 35.12 
11 ISU Bilsland Farm 25 Pioneer 3720 18,35 - 20.90 
12 ISU Bilsland Farm 25 Pioneer 3720 17.15 - 19.10 
13 FGIS - Kansas City 12 Mixed 12.78 - 14.23 
14 FGIS - Minneapolis 8 Mixed 14.05 - 15.81 
15 FGIS - Arkansas 4 Mixed 13.48 - 15.07 
16 FGIS - Indianapolis 12 Mixed 13.41 - 18.05 
17 FGIS - Wichita, KS 8 Mixed 14.92 - 19,01 
18 FGIS - Toledo, OH 12 Mixed 14.39 - 24,99 
19 FGIS - Chicago, IL 15 Mixed 11.59 - 27,65 
20 FGIS - St. Louis, MO 10 Mixed 11.91 - 13.77 
21 FGIS - Omaha, NE 11 Mixed 12.74 - 14.90 
22 FGIS - Norfolk, VA 9 Mixed 13.62 - 16,12 
24 FGIS - Sacramento, CA 6 Mixed 12.53 - 16,78 
90 ISU Solar Drying Res. 7 Mixed 9.58 - 25,76 
91 ISU Solar Drying Res. 5 Mixed 9.35 - 27.71 
93 ISU Solar Drying Res. 6 Trojan TX115 23.95 - 24,77 
94 ISU Solar Drying Res. 8 Trojem TX115 24.75 - 25,59 
95 ISU solar Drying Res. 9 Trojan TX115 24.61 - 25.45 
TOTAL samples 312 
sample is defined as a lot of 3000 g or more. Each sample was 
subdivided into six subsamples for testing in the meters and in the 
air-oven. 
H^ighest and lowest average percentages of moisture of sauries 
from this location. 
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Table 4.2. Terminology used to describe the moisture meter samples 
Identifying Mflned as 
term 
Sample Lot of corn, 3000 g or more 
Portion One of several subsamples of a 3000 g sample, 
stored in quart canning jars until testing 
Meter sample A weighed subsample of a portion, this is the grain 
actually tested in the meter 
Dish A 15 g or 100 g subsample of a portion, used for 
air-oven determination 
Drop The act of testing a meter sample once in a meter, 
three drops were made on a meter sangle 
terms apply to the 1980 sanqples. 
From information supplied by the Iowa Department of Agriculture 
(see TeJale 2.6), it was determined that six moisture meter models were 
commonly used by Iowa country elevators. Accordingly, two machines 
of each meter model were obtained from meter manufacturers. TcJsle 
4.3 summarizes relevamt information about these six meters. 
All meters were requested with the normal calibrations as if they 
were to be sent to a commercial user. The 12 meters also were cong)ared 
with the laboratory units owned by the Division of Weights and Measures, 
Iowa Department of Agriculture. TTie meters supplied did prove to be 
representative of meters sold for commercial use. 
The air-oven method specified in Section XII, GR916-6, Federal 
Tédîle 4.3. Moisture meters used in comparisons 
Meter 
model Manufacturer 
Approximate 
date 
of 
manufacture 
Measurement 
principle 
Sample Method of 
weight calibration and 
required display of results 
Steinlite Stein laboratories 
SS-250 Inc., 121 N. 4th St. 
Atchison, KS 
1979 Capacitance 250 g One range, digital 
Steinlite 
AUT 
Stein Laboratories Inc. 1960 Capacitëmce 250 g Two range, revolving 
dial 
Steinlite 
RCT 
Stein Laboratories Inc. 
Burrows 700 Burrows Equip. Co. Inc., 
1316 Shermam Ave. 
Evanston, IL 60204 
1950 Capacitamce 250 g Look-up charts, meter 
pointer 
1979 Capacitance 250 g One range digital 
Motomco 919 
Dickey-john 
GAC-II 
Motomco, Inc. 1965 
Box 300 
Patterson, NJ 07510 
Dickey-john Inc. 1979 
P.O. Box 10 
Auburn, IL 62615 
Capacitance 150 g Look-up charts, mamually 
or 250 g rotated dial 
Capacitance Internal Microprocessor, digital 
weighing 
Machine manufactured for Burrows by Dickey-john Inc. 
M^otomco meter is used exclusively by Federal Grain Inspection Service. 
'Sample weight dependent on moisture content of semyple tested. 
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Grain Inspection Service (USDA 1976) was used as the reference standard 
in this project. Appendix A gives the procedural details for the oven 
method. The two ovens used are both forced-air convection units manu­
factured by Precision Scientific Corporation. To verify that the two 
ovens gave comparable results, 72 samples were divided and tested 
in both ovens. The mean difference between the ovens was 0.1 per­
centage points (Sitzmann 1980). 
Iowa State air-oven procedures were compared to those of other 
laboratories. Results of two sample exchanges (Appendix B) verified 
that the procedures produced results comparaible to those of state 
regulatory agencies, meter mgmufacturers and the Federal Grain Inspec­
tion Service. The small differences between la&boratories suggest that 
sampling rather than procedural errors would account for the differences. 
The laboratory work was conducted in the Grain Quality Research Labo­
ratory, Room 4, Dairy Industry Building, Iowa State University (Figure 4.1). 
This room formerly contained a blue cheese processing pleuit and was 
equipped with a large walk-in refrigerator. Samples were immediately 
refrigerated upon delivery to the laboratory. The refrigerator tempera­
ture was maintained at 2C to achieve maximum preservation without 
freezing the grain. 
A flow chart for the analysis of a sample is shown in Figure 4.2. 
The sample was first opened in the cooler. For those samples requiring 
that the moisture content at the time of collection be known (locations) 
6, 7, 8, 9, 11, 12), three oven dishes were removed immediately, sealed 
Figure 4.1. Iowa State University Grain Quality Laboratory 
ORIGINAL SAMPLE 
^3000g 
I 
WEIGH 
t- 3 OVEN DISHES 
TEST WEIGHT 
ONE REPLICATION 
I b QUART PORTIONS WARMED TO ROOM TEMPERATURE IN GLASS JARS° 
3 OVEN DISHES 
1 
3 OVEN DISHES 
2 
3 OVEN DISHES 
3 
3 OVEN DISHES 
4 
3 OVEN DISHES 
5 
3 OVEN DISHES 
RCT 
I 
MOTOMCO 
I 
BCFM 
DISCARD 
MOTOMCO 
I 
BURROWS 
I 
BCFM 
I 
DISCARD 
AUTOMATIC 
I 
RCT 
I 
BCFM 
I 
DISCARD 
GAC II 
I 
SS250 
I 
BCFM 
I 
DISCARD 
BURROWS 
I 
AUTOMATIC 
I 
BCFM 
I 
DISCARD 
SS250 
I 
GAC II 
I 
BCFM 
I 
DISCARD 
cn 
w 
Figure 4.2. Procedure for the analysis of the 1979 samples 
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amd allowed to come to room temperature before weighing. 
The opened sample was brought into the laboratory, analyzed for 
test weight, assigned a number and split into the six 800 g (one 
quart) portions. Surface condensation on the cold grain was not a 
problem because the oven moisture determinations to be used for meter 
comparison had not yet been made. The six portions were nonselectively 
numbered 1 through 6, sealed in Mason jars, and returned to the re­
frigerator to await testing. The portions were stored in groups of 
six corresponding to one original sample. 
Portions were brought into the IcUxiratory to equilibrate with 
room temperature the night before testing. Each portion was opened, and 
three dishes of corn (eJx>ut 45 g) were removed for oven analysis. The 
portion number 1 through 6 indicated which two meters were to be tested 
on that portion. For the meter testing, a 250 g subsample (meter 
sample) was taken from the portion. The meter sanqple plus the oven 
seunples used almost the entire portion. The meter sample was tested 
in the specified two meters, three drops per meter for a total of six 
drops per portion. 
The meter sample was returned to the portion after testing. The 
entire remaining portion was then screened for BCFM. In this way, the 
foreign material content of the original sample could be obtained by 
averaging the foreign material contents of the six portions. 
Weighings for meter samples were made on an NCI Model G200 Grain 
Balance, to the nearest 0.1 g. This balance also was used to weigh and 
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compute test weight and to compute percentage BCFM. It is capable of 
retaining numbers in memory, calculating test weight (based on a struck 
off one quart measure) and percentage foreign material, and displaying 
the results. Weighings for the oven determinations were made on a 
Mettler PN323 top-loading balance, to the nearest mg. 
Samples were divided into portions with a custom-built, six-way 
divider. Prior testing had determined that this divider, which filled 
six canning jars simultaneously, would divide samples as representatively 
on the basis of moisture content as would the conventional two-way 
Boerner divider. The custom-built divider did not divide samples repre­
sentatively for foreign material, but the foreign material content of 
portions was determined separately and individually. 
Foreign material content (BCFM) was determined by using the Carter 
Dockage Tester according to procedures specified in GR916-6 (USDA 1976). 
A 12/64-in (4.8 mm) diameter round-hole sieve was used to separate 
foreign material from whole kernels of corn. In addition, any non-
grain material was handpicked from the sieved sample. 
Test weights were determined by using a one-quart brass measure amd 
filling hopper, again as specified in GR916-6. The level quarts were 
weighed on the NCI G200 balance, which automatically calculated test 
weight in ppb. 
The experimental design of Figure 4.2 was quite time consuming, 
mainly because of the large number of oven determinations it required. 
Only two meters (6 drops) were operated per portion because previous 
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trials (Table 4.4) (unpublished) showed that detectable loss in 
moisture occurs as preweighed samples are tested repeatedly in meters. 
From the table, six drops per sample was selected as a reasoneUale 
compromise between gd)solute accuracy and procedural practicality. 
4.3. Experimental Design amd 
Methods, 1980 
In most respects, the 1980 study paralleled the 1979 work. Only 
four meters were compared to the oven in 1980—Steinlite SS250, Burrows 
700, Motomco 919 and Dickey-john GACII. Table 4.5 gives background in­
formation on the 567 samples tested in 1980. 
Laboratory flowcharts for the 1980 comparisons are given in Figures 
4.3 and 4.4. Original sample weight determined which option, A or B, 
was used for a given location's samples. Ihere were several changes 
made to the procedure in 1980 as depicted in the following figures. 
These changes were initiated to gain information for other research 
projects, and did not alter the basic procedure of the meter-to-oven 
comparisons. 
4.4. Statistical Procedures 
4.4.1. Analysis of the general quality of the samples 
Before examining amy meter data, a general analysis of the samples 
was made in 3 steps: 
1. Obtain simple correlation coefficients, r , among all 
*1*2 
variables excluding meter moisture emd meter variances. 
Table 4.4. Estimated reduction in moisture meter reading from repeated testing of a preweighed 
sample 
Original 
moisture 
content, 
percent 
Reduction in meter • reading from initial 
Number of drops 
drop. points 
34 30 26 22 18 14 10 8 63 4 2 
30 0.77 0.68 0.59 0c50 0.41 0.32 0.33 0.18 0.14 0.09 0.05 
29 0.74 0.65 0.56 0.48 0.39 0.30 0.22 0.17 0.13 0.09 0.04 
28 0.70 0.62 0.53 0.45 0.37 0.29 0.21 0.16 0.12 0.08 0,04 
27 0.66 0.58 0.51 0.43 0.35 0.27 0.19 0.16 0.12 0.08 0,04 
26 0.62 0.55 0.48 0.40 0.33 0.26 0.18 0,15 0.11 0.07 0.04 
25 0.59 0.52 0.45 0.38 0.31 0.24 0.17 0.14 0.10 0.07 0.04 
24 0.55 0.48 0.42 0.35 0.29 0.22 0.16 0.13 0.10 0.06 0.03 
23 0.51 0.45 0.39 0.33 0.27 0.21 0.15 0.12 0.09 0,06 0.03 
22 0.46 0.41 0.35 0.30 0.25 0.19 0.14 0.11 0.08 0.05 0.03 
21 0.42 0.37 0.32 0.27 0.22 0.17 0.12 0.10 0.07 0,05 0.02 
20 0.38 0.33 0.29 0.24 0.20 0.16 0.11 0.09 0.07 0.04 0.02 
19 0.33 0.29 0.26 0.22 0.18 0.14 0.10 0.08 0.06 0.04 0.02 
18 0.29 0.25 0.22 0.19 0.15 0.12 0.08 0.07 0.05 0.03 0.02 
17 0.24 0.21 0.19 0.16 0.13 0.10 0.07 0.06 0.04 0.03 0.01 
16 0.20 0.17 0.15 0.13 0.10 0.08 0.06 0.05 0.03 0.02 0.01 
15 0.15 0.13 0.11 0.10 0.08 0.06 0.04 0.03 0.03 0.02 0.01 
*Used in study. 
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Table 4.5. Information concerning the 1980 samples 
Location 
code Source 
Number 
of 
samples 
Com 
variety 
Range of oven 
moisture content, 
percent 
1 
2 
3 
4 
5 
6 
7 
8 
9 
90 
95 
Eureka, Illinois 20 
El Paso, Illinois 4 
Lexington, Illinois 17 
Champaign, Illinois 19 
ISU Agronomy plots 243 
ISU Curtiss Farm 
ISU Curtiss Farm 
ISU Ag Engineering 
Farm 
Swea City, Iowa 
ISU Woodruff Farm 
ISU Woodruff Farm 
80 
80 
16 
76 
4 
8 
567 
Mixed 15.25 - 29.10 
Mixed 14.68 - 25.73 
Mixed 15.59 - 27.58 
Mixed 14.04 - 31.47 
Mixed but 13.48 - 31.65 
known 
B73xMol7 12.24 - 17.48 
Pioneer 3541 11.42 - 21.21 
Mixed 11.37 - 22.13 
Mixed 13.26 - 25.40 
TX115 13.43 - 14.10 
Mixed 21.02 - 21.96 
(Variables correlated were oven moisture, oven variance, test 
weight, test weight variance, BCFM, and large brokens.) 
2. Obtain overall me ems for these variables and meems by 
increments of two points of oven moisture. 
3. Compare the correlation coefficients with the two-point means 
to check for a) possible curvilinear correlations hidden in 
the simple correlation analysis, b) presence amd magnitude of 
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ORIGINAL SAMPLE 
"xJOOO g 
WEIGH 
3 OVEN DISHES 
TEST WEIGHT, 
3 REPLICATIONS 
QUART PORTIONS WARMED TO ROOM TEMPERATURE IN GLASS JARS 
3 OVEN DISHES 
1 B" •B 
3 OVEN DISHES 
MOTOMCO 
GAC II 
SCREEN; 
16/64", 12/64" 
+ HANDPICKED 
DISCARD 
SS250 
BURROWS 
T 
CLEAN, DISCARD 
16/64" FINES 
3 OVEN DISHES 
CLEAN, DISCARD 
16/64" FINES 
3 OVEN DISHES 
FAST GREEN DYE , MOTOMCO 
3 REPLICATIONS 
DISCARD 
SS250 
GAC II 
3 OVEN DISHES 
BURROWS 
3 OVEN DISHES 
STEIN BREAKAGE , 
3 REPLICATIONS DISCARD 
DISCARD 
Figure 4.3. Procedure for the analysis of the 1980 samples, option A 
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ORIGINAL SAMPLE 
M 600 g 
WE GH 
3 AIR-OVEN DISHES 
TEST WEIGHT, 
3 REPLICATIONS 
QUART PORTIONS WARMED TO ROOM TEMPERATURE IN GLASS JARS 
3 OVEN DISHES 
MOTOMCO 
DISCARD 
FINES 
GAC II 
SCREEN; 
16/64",12/64" + HANDPICKED 
3 OVEN DISHES 
SS250 
BURROWS 
FAST GREEN DYE, 
3 REPLICATIONS 
DISCARD 
STEIN BREAKAGE, 
3 REPLICATIONS 
DISCARD 
Figure 4.4. Procedure for the analysis of the 1980 samples, option B 
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within-measure heteroskedasticity and c) relationship to 
previously published quality factor correlations, especially 
the test weight-moisture correlation. 
4.4.2, Analysis of the moisture meter data 
There was one dataset formed each year for each moisture meter. 
Each dataset included all the general quality information, plus meter 
moistures and meter variances (computed from the three drops). Examples 
of dataset structure are presented in Section 5.1. On a meter-by-
meter basis, the following steps were taken : 
1. Convert all meter moistures to a difference, meter minus oven. 
2. Form simple correlation coefficients, r , among all variables, 
*1*2 
including meter variamce and differences. (Variables correlated 
were oven moisture, oven variance, meter variance, difference 
between meter and oven, test weight, test weight variance, BCFM, 
and large brokens.) 
3. Plot differences (meter minus oven) against oven moisture 
content. 
4. Examine the plots for patterns of calibration errors and 
heteroskedasticity of variances. 
5. Obtain overall means for all variables, then meams and vari­
ances by ranges of two percent moisture. 
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6. Compute linear or curvilinear (as indicated by the plots) 
regression of differences against oven moisture. 
7. Subdivide the variance of the residuals to determine what 
procedures would improve the precision of an accurately 
calibrated meter. 
8. Estimate the relationship of the variances to moisture 
content, then express the variance components as coefficients 
of variability. 
Several texts (Steel and Torrie 1960, Little and Hills 1975, 
Ladd 1980) describe the normal distribution and least squares 
regression in detail and are the basis for the procedures used in 
this study. 
Differences are conceptually easier to portray than a com­
parison of raw meter values to oven moistures. Because both 
measures are variable, differences (Y-X) will include variability 
of both the dependent (X) variable and the independent (Y) 
variable, an apparent violation of a condition for normal 
distribution of errors. Previous research, however, had indi­
cated that oven variability is much less than meter or meter-
minus-oven variability (Hurburgh et al. 1979), and could be 
neglected. 
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The correlation coefficients provided several pieces of in­
formation. Some meter brands require test weight corrections; 
a strong correlation between test weight and differences would 
indicate that the correction factor could be improved or 
omitted. It was expected that the meters would become more 
variable at high moistures and therefore, yield positive corre­
lation between meter variance and oven moisture. Some, but not 
all, bias patterns (calibration errors) were described by 
correlations. Meters whose bias patterns were quadratic showed 
less correlation of differences with oven moisture than was obvious 
from a sample-by-sample plot. 
The sample-by-sample plots were effective methods to present 
the data to general audiences. A visual estimate of both bias and 
variability in meter-to-oven comparisons could be obtained. In 
all cases it was also evident what form of equation (linear, 
quadratic, etc.) would probably fit the data best. If the calibra­
tion of a meter did not change between the 1979 and 1980 harvests, 
the same functional form was used for both years' data. 
As mentioned earlier, heteroskedasticity was expected. Meters 
do not exhibit constant variance over all samples, and their 
variability increases as moisture increases. 
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Therefore, the data were divided into ranges of two percent moisture, 
and the error variances treated as constant over each range. Range 
subdivisions to reduce heteroskedasticity is discussed by Ladd (1980). 
Mean differences by range also made a less cluttered plot for 
presentation to general audiences. 
An equation was required to predict bias at a given moisture, 
and provide basis for calibration changes. The previously referenced 
statistical texts suggested normalizing heteroskedastic variable values 
(dividing each observation by an estimate of its standard deviation) 
before performing regressions. The varieibles are then expressed in 
standard deviation units rather than in raw units. In this case, the 
estimate of standard deviation changed in a stairstep fashion, by two 
point increments. Normalized variables will have error distributions 
normally distributed with meam of zero and variance of one. 
The normalization procedure did not facilitate data analysis. While 
the two point range analysis clearly showed the variance to increase 
with increasing moisture, there were substantial irregularities in 
this trend. The transformed data turned out to be less predictable 
than the original data. Furthermore, there is no physical explanation 
for irregularity of variance in the lower moisture ranges. Obviously, 
characteristics of this particular sample set were introducing varia­
tions. Therefore, the heteroskedasticity of the raw data was accepted 
amd no tramsformations were made. Standard deviation estimates produced 
from the raw-data regressions were incorrect, biased high by the higher 
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variability of high moisture samples. Therefore, the variance of 
residuals in each two-point range was used to estimate meter precision of 
the meters. 
To describe random variations, the overall variance (by range) 
meter-to-oven comparisons can be mathematically separated into meter, 
oven, and sample-to-sample components. (The mathematics are presented 
in Section 7). Separation was performed on the residuals (after biases 
were removed). The individual variance components were then expressed 
as coefficients of variability (CV). Coefficient of variation is a 
convenient expression of variability and is defined as the ratio of 
standard deviation to mean. With variability measured as variances (sums 
of individual errors squared), the formula for CV is: 
1/2 V 
X 
CV = — • 100 (4.4.1) 
where : 
V = variance of the X measure 
X 
X = value of X. 
The 100 is required to convert the ratio to percentage form. 
If several observations of X are grouped: 
V 
CV- = — • 100 (4.4.2) 
s 
where : 
X = average of the X observations 
M = number of X observations. 
s 
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The results of the emalyses are presented in Section 5. All 
computations were made using the Statistical Analysis System program 
at the Iowa State University Computation Center (Barr et al. 1976). 
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5. RESULTS-MOISTURE METER PERFORMANCE 
5.1. Notation and General Structure 
of the Datasets 
The notation used in the euialysis of the moisture data given is 
described in Table 5.1. 
The formats of the datasets collected in 1979 and 1980 are pre­
sented in Tables 5.2 and 5.3, respectively. 
The reference data (all data other theui meter moistures and 
meter variances) were examined for correlation. Table 5.4 gives overall 
means and correlation coefficients, r , respectively, and Table 5.5 
*1*2 
means by two-point moisture ranges. 
The correlation between moisture content auid test weight was 
expected. The decrease in test weight with increasing moisture content 
has been described by other researchers (Hall and Hill 1973). The test 
weight data and the relationship of that data to other studies are 
described in Section 6. 
The relationship of foreign material to moisture content and test 
weight is somewhat more circuitous. The negative correlation between 
foreign material and moisture content shows that either the wetter 
samples contained less foreign material or that conventional screening 
methods will not remove all foreign material from wet com. The latter 
appears to be an inadequate explanation as foreign material analyses run 
in 1978 on wet samples and again on the seune samples after air-drying 
revealed no detectable differences in foreign material content. 
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Table 5.1. Notation used in the analysis of moisture meter data 
Symbol Definition Units 
M 
O 
V, 
M 
M-0 
M^O 
M-O 
CVi 
TW 
B 
L 
MO 
n. 
ss 
Meter moisture, average of n^  drops percent 
oven moisture, average of n^  dishes percent 
Variance of M percent 
Coefficient of variability of M percent 
Variance of O 
Coefficient of variability of 0 percent 
Difference between meter euid oven, same sample points 
Variance of M-0 
Coefficient of variability of M-0 percent 
Average difference between meter and oven, point 
n^  scunples 
Coefficient of variability of M-0 
Test weight of a sample, average of three ppb 
replicates 
Variance of TW 
BCFM percent 
Large brokens percent 
Number of samples 
Number of replicate test weight determinations 
per sample 
Number of meter drops per sample 
Number of oven dishes per sample 
Sample-to-sample component of overall variance 
TêUale 5,2. Example dataset formed from the 1979 comparisons 
Moisture contents,* 
percent, and variances 
Sample Location Portion Oven, SS250 Burrows 
122 11 1 19.13 0.002 - -
2 19.11 0.000 - - 20.43 0.004 
3 19.18 0.001 - -
4 19.19 0.009 20.30 0.029 
5 19.30 0.005 - - 20.37 0.009 
6 19.11 0.008 20.30 0.040 
A^verage of these replicates, drops or dishes. Oven moistures 
determined by the 72 h, 103*C, whole kernel method (USDA 1976). 
D^etermined once for entire sample. 
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Moisture contents,® 
percent, and variances 
Motomco GACII RCT Automatic _ _Jd 
\ \ \ T. T' 
ppb 
18.94 0.004 - - 20.10 0.005 - - 55.9 0.2 
19.44 0.026 - - — — - - 55.9 0.3 
- - 20.19 0.012 20.25 0.020 55.9 0.4 
19.87 0.049 - - 55.9 0.5 
- - - - - - 20.41 0.006 55.9 0.4 
- — 19.97 0.014 — — — — 55.9 0.4 
Taible 5.3. Example dataset formed from the 1980 comparisons 
Moisture contents,* 
S»ple Portion ov.„ SS»0 
number before meters after meters 
0,% Vq 0,% VQ M,% 
348 1 1 19.65 0.026 b 
2 19.78 0.001 - 19.86 0.013 
3 19.72 0.010 19.61 0.000 
4 19.64 0.002 19.94 0.230 20.06 0.010 
A^verage of three replicates drops or dishes. Oven moistures 
determined by the 72 h, 103*C, whole kernel method (USDA 1976). 
A^fter meters oven test not run on portions 1 and 2. 
P^ortions 3 and 4 were deemed before testing. 
72 
Moisture contents,* 
percent, émd variances 
Test ^  Large 
Burrows Motomco GACII weight BCFM, broken, 
M,% M,% M,% T,ppb % % 
19.74 0.015 20.13 0.003 55.4 0.143 1.2 2.7 
19.73 0.003 - - 55.4 0.143 1.2 2.7 
19.60 0.015 19.87 0.003 55.4 0.143 0.0° 0.0 
19.70 0.030 - - 55.4 0.143 0.0° 0.0 
Tadale 5.4. Means and correlation coefficients among quality characteristics of the samples 
Overall means 
Variable Mean Maximum value Minimum value 1979 1980 1979 1980 1979 1980 
Oven moisture content, 0, 
percent 20,23 17.95 37.46 31.65 9.27 11.37 
Variamce among oven 
replicates, 0.0430 0.0222 6.9170 2.4650 0.0000 0.0000 
Test weight, TW, ppb 54.7 56.6 58.8 62.5 48.8 47.1 
Variauice zunong test 
vreight replicates, - 0.1082 - 5.373 - 0.0000 
BCFM, B, percent 1.2 0.8 7.7 6.3 0.0 0.0 
Large brokens, L, 
percent® - 3.1 - 5.3 - 0.0 
N^ot measured in 1979. 
Table 5.4 (Continued) 
Correlation coefficients 
Oven moisture 
content 
1979 1980 
Test 
weight 
BCFM Large 
brokens 
1979 1980 1979 1980 1979 1980 1979 1980 1979 1980 
Oven moisture content 
Test weight 
V 
BCFM 
Large brokens^  
1.000 1.000 
-0.01 0.00 1.000 1.000 
-0.61*** -0.80*** -0.09 0.01 1.000 1.000 
0.04* - 0.01 - -0.14*** 
-0.44*** -0.10*** -0.04 -0.03 0.10** 0.13*** 
— -0.06* — —0.01 — —0.05 
1.000 
0.02 1.000 1.000 
0.02 - 0.79*** 1.000 
* 
Significant at the 0.1 level. 
**  
Significant at the 0.01 level. 
* * *  
Significant at the 0.001 level. 
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Table 5.5. Quality characteristics of the samples, by two-point 
moisture intervals 
"o T"* "T % Range Year "s 0, % 
10-12 1979 5 11 .74 
1980 2 11 .61 
7 
12-14 1979 30 13 .29 
1980 78 13 .38 
108 
14-16 1979 70 14 .87 
1980 187 14 .85 
257 
16-18 1979 26 17 .29 
1980 46 16 .69 
72 
18-20 1979 43 19 .00 
1980 55 19 .22 
98 
20-22 1979 32 20 .82 
1980 48 20 .81 
80 
22-24 1979 32 22 .97 
1980 59 22 .86 
91 
24-26 1979 37 24 .97 
1980 45 25 .09 
82 
26-28 1979 6 27 .40 
1980 30 26 .63 
36 
28-30 1979 4 29 .47 
1980 14 28 .67 
18 
2.11 
2.39 
2.09 
0.81 
0.76 
0.59 
0.64 
0.92 
0.81 
50.2 - 1.52 
2.00 
2.45 
2.59 
1.83 
1.75 
1.89 
1.78 
1.57 
1.56 
1.68 
T^here was not enough com to replicate oven tests on the 1979 
samples over 28%. 
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Table 5.5 (Continued) 
Range Year n 
s 
0,% Vo W^'PPb BCFM,% 
Large 
brokens, % 
30-32 1979 
1980 
6 
3 
9 
31.12 
31.24 
NA 
0.192 
53.1 
50.8 
HS^  
0.081 0.47 1.10 
32-34 1979 
1980 
8 
0 
8 
32.96 NA 53.2 HS 
-
34-36 1979 
1980 
7 
0 
7 
35.07 NA 52.1 HS 
-
36-38 1979 
1980 
6 
0 
6 
36.78 NA 52.5 HS 
-
S^amples over 30% hand-shelled in 1979. 
The high-moisture samples used in this study were collected from 
farmer deliveries directly from harvesting machines. The drier samples 
(samples less than 16% usually) were collected after drying zmd handling. 
Creation of foreign material in dryers and hêmdling equipment is an 
expected occurrence in the grain trade. Prior observations of farmer-
delivered corn indicate that normally it leaves the farm with rela­
tively low levels of foreign material (less than 1.5% in most 
instances) (Hurburgh et al. 1979). Hence, higher levels of foreign 
material would be expected in the low moisture samples. The correlation 
coefficients (-0.44 in 1979 and -0.10 in 1980) generally bore this out 
but showed that the trend is subject to considerable variability. 
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5.2. Comparisons of Meters to the Oven 
In keeping with the analysis procedures described in Section 4.4, 
the following information is given, on a meter by meter basis. 
1. Correlation coefficients among the variables cmd overall 
me em values of all variables. 
2. Mean values of variables, by two percentage point intervals. 
3. Plots of meter minus oven versus oven for the two years 
separately. The data could not be combined because three of 
the four meters had calibration changes between the 1979 and 
1980 harvests. 
4. Regression analysis of each year's data; multiple regression 
analysis where correlations indicated a need. 
Results for four meter brands are presented here. Only four are 
shown because, of the original six, three were from one manufacturer, 
Steinlite. Results for the latest model (SS250) from this memufacturer 
are given. 
5.2.1. Steinlite SS250 meter 
Regression equations for each year are: 
1979 
(M-0) « -0.0103(0)^  + 0.364(0) - 2.03 (5.2.1) 
R^ - 0.61 
1980 2 
(M-0) =-0.0133(0) + 0.503(0) - 4.55 (5.2.2) 
R = 0.40 
Both equations were significant at the 0.001 level of confidence. 
Table 5.6. Correlation coefficients and overall means for the Steinlite SS250 
Correlation coefficients 
Oven moisture M-0 Test BCFM 
content weight 
1979 1980 1979 1980 1979 1980 1979 1980 1979 1980 19791980 1979 1980 
Oven 
moisture 
content 1.000 1.000 
Vq 0.02 0.09* 1.000 1.000 
V„ 0.39*** 0.40** 0.04 0.03 1.000 1.000 
M-0 0.39*** 0.12***-0.07 -0.02 0.27*** 0.25*** 1.000 1.000 
Test 
weight 
0.05 - 0.03 - -0.01 - 0.09 - -0.14*** - 1.000 
BCFM -0.49** 0.01 -0.09 -0.00-0.17***-0.01 -0.05 . 0.01 0.11**-0.13*** —0.01 1.000 1.000 
Large 
brokens 0.06 - -0.02 - -0.01 - 0.03 - 0.01 —0.04 - 0,56*** 
-0.59*** 0.81*** 
-0.11* 0.11*-0.26***-0.19***-0.40***-0.35*** 1.000 1.000 
*Test not performed in 1979. 
* 
Significant at the 0,1 level of confidence. 
** 
Significant at the 0.01 level of confidence. 
*** 
Significant at the 0.001 level of confidence. 
Table 5.6 (Continued) 
Lêirge 
brokens 
1979 1980 
Large brokens - 1.000 
kO 
Di 
Table 5.6 (Continued) 
Overall means 
Mean Maximum value Minimum value 
1979 1980 1979 1980 1979 1980 
Oven moisture 
content, percent 20.50 17.93 35.56 31.47 11.27 11.59 
O^ 0.0225 0.0223 1.690 2.4650 0.0000 0.0000 
0.0256 0.0246 3.423 1.762 0.0000 0.0000 
h O 
M-0, points ' 0.68 -0.11 2.45 3.62 -7.33 -2.76 
Test weight, ppb 54.8 56.6 59.8 62.5 48.8 47.1 
a 0.108 - 5.373 - 0.000 
BCFM, % 1.26 0.51 7.60 6.30 0.00 0.00 
Large brokens, % a 1.36 - 5.90 - 0.00 
Not an accurate representation of meter performamce (see Figures 4.1, 4.2). 
M^eter recalibrated between 1979 and 1980 harvests. 
Table 5.7. Performance of the Steinlite SS250 by two-point range 
— — TW, „ BCFM, Large 
Range Year M,% 0.» M-0, \ , broken, 
points 
10-12 1979 12.64 11.77 0.87 0.552 0.234 0.020 54.7 - 2.11 
1980 11.77 12.02 -0.25 0.681 0.021 0.031 59.7 0.028 0.023 1.00 
12-14 1979 14.19 13.26 0.93 0.381 0.032 0.015 56.1 - 2.35 
1980 13.34 13.40 0.05 0.229 0.006 0.013 58.3 0.088 0.57 1,35 
14-16 1979 16.61 14.87 0.74 0.381 0.022 0.022 55.9 - 2.09 
1980 14.73 14.70 -0.17 0.155 0.016 0.025 57.8 0.075 0.53 1.65 
16-18 1979 18.51 17.26 1.25 0.154 0.032 0.015 57.6 - 0.83 
1980 16.73 16.71 0.02 0.353 0.016 0.012 57.2 0.213 0.90 1.21 
18-20 1979 20.05 19.01 1.04 0.166 0.018 0.037 55.8 - 0.78 
1980 17.32 19.15 0.17 0.351 0.007 0.025 56.9 0.018 0.93 0.96 
20-22 1979 21.64 20.90 0.74 0.263 0.085 0.039 54.9 - 0.59 
1980 20.82 20.80 0.02 0.148 0.043 0.050 55.6 0.145 0.43 1.18 
22-24 1979 23.56 22.95 0.61 0.269 0.023 0.106 52.4 - 0.57 
1980 22.82 22.96 -0.14 0.145 0.054 0.035 54.2 0.030 0.65 1.51 
24-26 1979 26.08 24.96 1.12 0.483 0.035 0.054 52.0 - 0.89 
1980 24.84 25.07 -0.23 0.227 0.025 0.041 53.1 0.159 0.50 1.17 
26-28 1979 27.89 27.21 0.68 0.689 0.044 0.069 51.1 - 1.06 
1980 26.28 26.75 -0.47 0.746 0.020 0.054 52.7 0.156 0.54 1.20 
28-30 1979 29.04 29.40 -0.36 0.316 NA 0.063 50.2 - 0.84 
1980 28.67 28.75 -0.08 1.215 0.050 0,103 51.0 0.129 0.91 1.47 
30-32 1979 30.63 31.24 -0.61 1.334 NA 0.052 52.9 - HS -
1980 30.87 31.37 -0.50 7.622 0,206 0.095 51.2 0.068 0.35 0,070 
00 
o 
Table 5.7 (Continued) 
Range Yeêir M,% Q,% M^O points 0^ 
TW, 
ppb 
BCFM, 
% 
Large 
broken,% 
32-34 1979 30.94 33.16 -2.22 0.333 NA 0.182 53. 2 HS _ 
1980 No samples in this range 
34-36 1979 34.03 34.90 -0.87 0.922 NA 0.088 52. 0 
1980 No samples in this range 
36-38 1979 33.59 36.85 -3.26 2.137 NA 0.224 52. 6 
1980 No samples in this rcuiqe 
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Figure 5.1. Steinlite SS250 versus the air oven, 1979 sauries 
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5.2. Steinlite SS250 versus the air-oven, 1980 sauries 
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The SS250 is a direct-reading meter. It had a one-range calibration 
in 1979. Therefore, the quadratic bias pattern was expected. The 
calibration change in 1980 involved the addition of a semilogarithmic 
manual adjustment chart for moistures above 25%. The internal calibra­
tion curve was also shifted downward. The memual conversion chart 
eliminated the paraJaolic error distribution, but weis time consuming 
to use. The manufacturer has now made a two-remge, direct-reading 
calibration. Calibrations for the SS250 are changed by replacing the 
module (Figure 2.8). Two modules, each with the same basic curve 
shape, should again produce a curved bias pattern but not as pronounced 
as before. (Figure 2.10 depicts the problems of calibrating direct 
reading meters.) 
The SS250 meter requires a test weight correction which is addi­
tive if test weight is above 56 ppb and subtractive if test might is 
below 56 ppb. The published correction factor is 0.10 percentage points 
per ppb. When test weight was included in a multiple regression, instead 
of compensated by the published factor, the two equations became : 
1979 
(M-O) = -0.0131(0)2 + 0.331(0) - 4.03 + 0.0932(TW-56) (5.2.3) 
1980 
(M-0)-= -0.0135(0)^  + 0.500(0) - 4.75 + 0.0950(TW-56) (5.2.4) 
R2=0.51 
Test weight corrections improve the accuracy of the SS250 meter. 
The published correction factor is very close to the slopes determined 
from the multiple regression (0.10 vs. 0.0932 and 0.0950). However, test 
weight corrections are troublesome for meter users. It may be 
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advantageous to incorporate the test weight correction into the basic 
calibration. This can be done by estimating a relationship between 
test weight and moisture content. The validity of such a procedure 
is discussed in Section 6. 
5.2.2. Burrows 700 meter 
Regression equations for each year are: 
1979 
(M-O) = -0.010(0)^  + 0.480(0) - 4.46 (3.2.5) 
R^  =0.10 
1980 
(M-O) = -0.0227(0) + 0.23 (5.2.6) 
R^  = 0.02 
Both equations were significant at the 0.001 level of confidence. 
The Burrows 700 is a one-range direct reading meter. Therefore, 
the quadratic shape of the 1979 data was expected. There was not 
enough data over 30% moisture to produce the quadratic pattern in 1980. 
Both the slope and intercept of the calibration curve were altered 
between the 1979 amd 1980 crop seasons. Another, relatively small, 
change in calibration has been adopted for use on the 1981 crop. The 
1980 calibration change made a significant improvement in accuracy. 
Test weight did not affect the performance of this meter. "Riere is 
no published correction factor for test weight, and inclusion of 
2 
test weight in the regression model actually reduced the R value. 
Tcible 5.8. Correlation coefficients and overall means for the 
Burrows 700 
Correlation coefficients 
Oven moisture M-0 
content 
1979 1980 1979 1980 1979 1980 1979 1980 
Oven 
moisture 
content 1.000 1.000 
Vq -0.06 0.09 1.00 1.00 
0.39*** 0.26***-0.05 0.02 1.00 1.00 
M-0 -0.09*** 0.03 -0.05 -0.03 -0.08 0.13*** 1.00 1.00 
-0.62***-0.81***-0.04 0.11**-0.24***-0.20***-0.16*** 0.09* 
weight 
0.05 - 0.03 - -0.01 - 0.08* 
BCFM -0.47* 0.01 -0.02 -0.00 -0.12***-0.01 -0.22*** 0.01 
Large — -0.06 - —0.02 - —0.01 - 0.03 
brokens 
T^est not performed in 1979. 
it 
significant at the 0,01 level of confidence. 
* * 
Significant at the 0.01 level of confidence. 
it it It 
Significant at the 0.001 level of confidence. 
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Correlation coefficients 
Test BCPM Large 
weight brokers 
1979 1980 1979 1980 1979 1980 1979 1980 
1.00 1.00 
-0.14*** - 1,00 
0.14***-0.13 --0.01 
- 0.01 - -0.04 
1.00 1.00 
0.56*** - 1.000 
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Table 5.8 (Continued) 
Overall means 
Mecm Maucimum value Minimum value 
1979 1980 1979 1980 1979 1980 
Oven moisture 
content, 
percent 
v_ 
V. M 
_b,c 
M-0, points 
Test weight, ppb 
T^ 
BCFM,% 
Large 
brokens, % 
19.94 17.93 
0.0144 0.0223 
0.0361 0.0362 
0.70 -0.17 
54.8 
a 
1 .28  
a 
56.6 
0.108 
0.51 
1.36 
37.27 31.47 9.31 11.59 
0.3969 2.4650 0.000 0.0000 
22.468 
4.52 
59,8 
7.60 
3.6950 0.000 0.0000 
8.41 -3.80 -2.74 
48.8 62.5 
5.373 
6.30 
5.90 
0.00 
47.1 
0.000 
0.00 
0.00 
N^ot an accurate representation of meter performance (see Figures 
5.3, 5.4). 
'^Meter recalibrated between 1979 and 1980 harvests. 
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Table 5.9. Performance of the Burrows 700 by two-point range 
Range Year M,% 
M 
10-12 1979 12.07 11.65 0.42 0,194 0.020 0.018 53.9 - 1.66 -
1980 12.41 11.55 0.86 0.364 0.021 0.005 59.7 0.028 0.23 1.00 
12-14 1979 13.63 13.14 0.49 0.277 0.280 
1980 13.64 13.37 0.27 0.159 0.006 
0.013 56.1 - 2.44 -
0.012 58.3 0.088 0.57 1.35 
14-16 1979 15.07 14.89 0.18 0.392 0.020 
1980 14.54 14.82 -0.28 0.195 0.016 
0.019 56.0 - 2.04 -
0.015 57.8 0.075 0.53 1.65 
16-18 1979 17.76 17.22 0.54 0.287 0.023 
1980 16.44 16.67 -0.23 0.399 0.016 
0.029 57.6 - 0.84 -
0.021 57.2 0.213 0.40 1.21 
18-20 1979 19.65 18.99 0.66 0.172 0.033 
1980 19.01 19.16 -0.15 0.270 0.007 
0.036 55.7 - 0.79 -
0.036 56.9 0.118 0.43 0.96 
20-22 1979 21.51 20.82 0.69 0.307 0.026 
1980 20.40 20.72 -0.32 0.201 0.043 
0.029 54.9 - 0.62 -
0.040 55.6 0.145 0.43 1.18 
22-24 1979 24.11 22.97 1.14 0.447 0.020 
1980 22.30 22.85 -0.55 0.479 0.054 
0.057 52.3 - 0.65 -
0.044 54.2 0.090 0.65 1.51 
24-26 1979 27.08 24.97 2.11 0.988 0.012 
1980 24.54 25.04 -0.50 0.429 0.025 
0.387 52.0 - 0.93 -
0.126 53.1 0.159 0.50 1.17 
26-28 1979 29.27 27.03 2.24 0.931 NA 
1980 26.59 26.75 -0.16 2.393 0.020 
0.282 51.3 - 0.77 -
0.098 52,7 0.156 0.54 1.20 
28-30 1979 31,03 29,61 1.42 0,588 NA 
1980 29.68 28,75 0,93 6.420 0.050 
0.095 50.4 - 0.84 -
0.151 51.0 0.129 0.91 1.47 
30-32 1979 32.52 31.27 1,25 5.058 NA 
1980 30.89 30.40 -0.49 9.166 0.206 
0.166 53.1 - HS -
0.148 51.2 0.068 0.35 0.70 
32-34 1979 31.72 32.96 -1.24 0.239 
1980 No samples in this range 
NA 0.225 53.2 - HS 
34-36 1979 35.93 34.90 1,03 2,313 
1980 No samples in this range 
NA 0.410 52.1 - HS 
36-38 1979 34.72 36.67 -1.95 2.654 
1980 No samples in this range 
NA 0.542 52.2 HS 
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5.2.3. Motoroco 919 meter 
Regression equations for each year are ; 
1979 
(M-0) = -0.00124(0)^  + 0.07527(0)2 - 1.470(0) + 9.09 (5.2.7) 
1980  ^" 0-53 
(M-0) » -0.0867(0) +1.57 (5.2.8) 
R = 0.20 
Both equations were significant at the 0.001 level of confidence. 
This meter is a chart machine. (A chart exeunple was given in 
Table 2.9.). Linear chart equations relate moisture content to dial 
reading. 
8.00% to 21.09% 
M = 0.2151 (DR) + 3.88 (5.2.9) 
21.03% to 29.70% 
M = 0.2151 (DR) + 8.17 (5.2.10) 
29.70% to 40.30% 
M = 0.2983 (DR) + 19.40 (5.2.11) 
where : 
DR = dial reading. 
The dial reading is a direct indication of dielectric because it is 
obtained by matching impedamces in a bridge circuit. If one visualizes 
a set of three straight lines approximating curve AB, Figure 2.9, there 
would be two inflection points, as contained in the cubic equation. 
That the 1980 equation is not cubic is due to a lack of 1980 seuaples 
Table 5.10. Correlation coefficients and overall means for the 
Motomco 919 
Correlation coefficients 
Oven moisture V V M-0 
O M 
content 
1979 1980 1979 1980 1979 1980 1979 1980 
Oven 
moisture 
content 1.00 1.00 
Vq -0.05 0.09* 1.00 1.00 
0.37*** 0.35*** 0.01 0.03 1.00 1.00 
M-0 -0.49***-0.44*** 0.07 -0.04 -0.18***-0.11*** 1.00 
Test 
weight -0.61***-0.80*** -0.08 -0.08*-0.25***-0.30*** 0.15*** 0.31*** 
- 0.05 - -0.01 - -0.02 - 0.06* 
BCFM -0.44*** 0.01 0.00 -0.01 -0.15***-0.02 0.02 -0.04 
Large 
brokens - -0.06 - -0.01 - -0.04 - -0.07 
Significant at the 0.1 level of confidence. 
**  
Significant at the 0.01 level of confidence. 
Significant at the 0.001 level of confidence. 
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Correlation coefficients 
Test BCFM Large 
weight brokens 
1979 1980 1979 1980 1979 1980 1979 1980 
1.00  1 .00  
-0.14***- 1.00 
0.11*-0.13***--0.02 1.00 1.00 
0.00 --0.07 - 0.75*** - 1.000 
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Table 5.10. (Continued) 
Overall means 
Mean Maximum value Minimum value 
1979 1980 1979 1980 1979 1980 
Oven moisture 
content, percent 20.08 17.94 37. 25 31.65 9. 31 11.37 
Vo 0.0430 0.0260 1. 6000 1.2100 0. 0000 0.0000 
0.0441 0.0263 19. 5364 0.5128 0. 0000 0.0000 
M-0, points^  -0.35 0.01 4. 23 4.79 -5. 50 -2.82 
Test weight, ppb 54.7 56.6 59. 8 62.5 48. 8 47.1 
a 0.108 - 5.373 - 0.000 
BCFM, % 1.28 0.5 6. 70 6.30 0. 00 0.00 
Large brokens, % a 1.30 - 5.90 - 0.00 
*Test not performed in 1979. 
N^ot an accurate representation of meter performance (see Figures 
5.5 and 5.6). 
1 . 1 1 .  
Year 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
1979 
1980 
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Performance of the Motomco 919 by two-point range 
M, % pi
 M-0, 
points Vo 
TW, 
ppb 
11. 67 11.69 -0.02 0.172 0.025 0.010 54.2 
12. 99 11.60 1.39 1.039 0.155 0.009 60.3 
arPM 
Vt % broken. 
2.01 
13.24 13.16 0.08 0.328 0.315 0.393 56.0 " 2.30 -
13.95 13.37 0.58 0.545 0.021 0.014 58.3 0.089 0.51 1.25 
14.68 14.89 -0.21 0.209 0.021 0.017 55.9 - 2.12 -
14.98 14.83 0.15 0.434 0.020 0.016 57.8 0.09 0.55 1.55 
17.05 17.23 -0.18 0.125 0.008 0.027 57.7 - 0.82 -
16.91 16.83 0.18 0.368 0.009 0.022 57.2 0.169 0.37 1.25 
18.75 19.02 -0.27 0.154 0.025 0.044 55.7 - 0.72 -
19.23 19.23 0.00 0.344 0.032 0.027 56.9 0.099 0.42 1.00 
20.23 20.85 -0.62 2.887 0.062 0.060 55.0 - 0.58 -
20.58 20.82 -0.24 0.411 0.010 0.035 55.1 0.150 0.42 1.17 
22.89 22.92 -0.04 1.014 0.025 0.057 52.3 - 0.71 -
22.38 22.89 -0.51 0.556 0.022 0.044 54.3 0.089 0.63 1.48 
24.97 24.92 0.05 0.367 0.008 0.126 52.0 - 0.95 -
24.46 25.07 -0.61 0.726 0.058 0.029 53.0 0.177 0.54 1.19 
26.80 27.12 -0.32 0.594 NA 0.088 50.8 - 0.85 -
25.67 26.71 -1.04 1.385 0.064 0.068 52.9 0.096 0.45 1.10 
30.01 29.60 0.41 0.430 NA 0.167 50.8 1.67 -
28.93 28.74 0.19 4.466 0.018 0.103 50.6 0.167 0.91 1.46 
29.97 31.23 -1.26 2.372 NA 0.163 53.0 - HS -
29.78 31.19 -1.41 2.778 0.096 0.030 51.2 0.068 0.35 0.70 
29.78 33.00 -3.22 0.948 NA 0.359 53.2 - HS -
No samples in this range 
32.42 35.01 -2.59 1.082 NA 0.206 52.1 - HS -
No samples in this range 
31.89 36.70 -4.81 0.219 NA 0.324 52.4 - HS -
No samples in this range 
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Figure 5.5. Hotomco 919 versus the air-oven, 1979 samples 
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above 30%. The meter becomes strongly low-biased above 30%, which would 
give the tail necessary for the cubic equation. Test weight was posi­
tively correlated with meter errors. However, when a test weight term 
was included in either the 1979 or 1980 regression equations, a signifi­
cant improvement in fit did not result. The strong correlation between 
test weight and moisture and between meter error and moisture over­
shadowed any potential pure test weight effect on meter accuracy. A 
claim of the patent for the Motomco meter (U.S. Patent 2693575), is that 
the cell design self-compensates for variations in bulk density. 
Because the Motomco is the meter used in federal inspections, 
it has received special public attention as regards recalibration. 
A new set of chart equations are to be used in 1981. 
8.00% to 21.09% 
M - 0.2151 (DR) + 3.88 (5.2.12) 
21.03% to 29.70% 
M = 0.2780 (DR) +4.41 (5.2.13) 
29.70% to 40.30% 
M = 0.3281 (DR) + 18.95 (5.2.14) 
5.2.4. Dickey-john GACII meter 
Regression equations for each year are: 
1979 
(M-0) = -0.080(0)2 + 0.352(0) - 3.35 
r2 - 0.16 
(5.2.15) 
Table 5.12. Correlation coefficients and overall means for the Dickey-
john GACII 
Correlation coefficients 
Oven moisture V V M-0 O M 
content 
1979 1980 1979 1980 1979 1980 1979 1980 
Oven moisture 
content 1.00 1.00 
Vq 0.03 0.08* 1.00 1.00 
0.57** -0.01 -0.05 -0.01 1.00 1.00 
M-0 0.10** -0.31***-0.03 -0.07 -0.06 0.15*** 1.00 1.00 
Test weight 0.61***-0.81***-0.10*-0.08*-0.30*** 0.01 0.01 0.28*** 
- 0.10* - -0.03 - -0.02 - 0.13 
BCFM 0.47***-0.05 -0.09* 0.01 -0.16*** 0.01 -0.18**-0,06* 
Large brokens -0.08* - 0.02 - 0.00 - 0.02 
T^est not performed in 1979. 
* 
Significant at the 0.1 level of confidence. 
** 
Significant at the 0.01 level of confidence. 
*** 
Significant at the 0.001 level of confidence. 
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Correlation coefficients 
Test BCFM Large 
weight brokens 
1979 1980 1979 1980 1979 1980 1979 1980 
1.00 1.00 
-0.21** 
0.12*** -0.07* 
0.02 
- 1.000 
- -0.01 1.00 
— —0.07* — 
1.00 
0.79*** - 1.00 
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Table 5.12 (Continued) 
Overall meems 
Mean Maximum value Minimum value 
1979 1980 1979 1980 1979 1980 
Oven moisture 
content, percent 19.95 
V, 
M-0, points 
Test weight, 
ppb 
T^ 
BCFM, % 
Large 
brokens,% 
b,c 
0.0430 
0.0400 
0 .18  
54.8 
1.27 
18.11 
0.0257 
0.0329 
-0.09 
56.5 
0.108 
0.48 
1 .28  
37.46 
1.6900 
1.5400 
3.46 
59.8 
7.70 
31.47 
1.210 
0.390 
3.46 
62.5 
5.373 
6.30 
5.90 
9.27 11.37 
0.0000 0.0000 
0.0000 0.0000 
-4.16 -2.40 
48.8 
0.00 
47.1 
0.000 
0.000 
0.000 
N^ot an accurate representation of meter performance (see Figures 
5.7, 5.8). 
^Meter recalibrated between 1979 and 1980 harvests. 
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Table 5.13. Performance of the Dickey-john GACII meter by two-point 
ramge 
Range T' Z;. 'MO V. M 
10-12 1979 
1980 
12.01 
11.93 
11.78 0.23 
11.37 0.56 
0.499 
a 
0.234 0.028 54.7 - 2.11 -
0.594 0.023 57.6 0.003 0.80 3.30 
12-14 1979 13.40 13.24 0.16 0.279 0.031 0.022 56.1 
1980 13.74 13.42 0.33 0.289 0.019 0.028 58.3 
14-16 1979 14.78 14.88 -0.10 0.263 0.022 0.019 55.9 
1980 14.68 14.83 -0.15 0.222 0.023 0.021 57.6 
16-18 1979 17.42 17.26 0.16 0.164 0.032 0.028 57.6 
1980 16.70 16.78 -0.08 0.201 0.010 0.023 57.1 
18-20 1979 19.36 19.02 0.34 0.154 0.018 0.029 55.7 
1980 19.39 19.21 0.18 0.159 0.019 0.028 56.8 
20-22 1979 21.10 20.91 0.19 0.298 0.086 0.036 54.8 
1980 20.82 20.83 0.01 0.084 0.011 0.029 55.5 
22-24 1979 23.18 22.94 0.24 0.359 0.022 0.059 52.5 
1980 22.52 22.86 -0.34 0.244 0.024 0.043 54.2 
24-26 1979 26.05 25.49 1.11 0.691 0.035 0.060 52.0 
1980 24.61 25.08 -0.47 0.634 0.056 0.066 53.0 
26-28 1979 28.66 27.22 1.44 0.353 0.044 0.017 51.1 
1980 25.87 26.62 -0.75 0.851 0.070 0.073 52.9 
28-30 1979 29.98 29.41 0.57 0.350 NA 0.065 50.2 
1980 28.57 28.65 -0.08 2.617 0.015 0.082 50.7 
32-32 1979 31.48 31.25 0.23 4.938 NA 0.220 53.0 
1980 29.64 31.05 -1.41 2.852 0.008 0.078 51.5 
2.37 -
0.090 0.54 1.25 
2.10 -
0.082 0.52 1.44 
32-34 1979 30.97 33.16 -2.19 0.500 NA 
1980 No samples in this range 
34-36 1979 35.86 34.89 -0.97 3.803 NA 
1980 No samples in this range 
0.03 -
0.000 0.40 1.33 
0.79 -
0.111 0.42 1.05 
- 0.58 -
0.164 0.42 1.20 
- 0.61 -
0.076 0.50 1.35 
- 0.86 -
0.182 0.51 1.12 
1.06 0 
0.105 0.36 1.01 
— 0.84 — 
0.150 0.56 1.33 
- HS -
0.090 0.30 0.57 
0.114 53.2 - HS 
0.3)2 52.3 - HS 
36-38 1979 34.45 36.78 -2.83 0.654 
1980 No samples in this range. 
NA 0.436 52.4 - HS 
*Only one seunple. 
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1980 
(M-0) = -0.0028(0)^  + 0.0686(0) - 0.36 (5.2.16) 
» 0.10 
Both equations were significant at the 0.001 level of confidence. 
This meter is a one-range direct-reading microprocessor meter. A 
calibration chemge was made between the 1979 and 1980 harvests. This 
change affected the temperature and test weight determination functions 
which in turn shifted meter readings downward. 
Another change was issued prior to the 1981 harvest. The 1981 
calibration is a two-range calibration, split at 22% moisture. 
Evidently the manufacturer was not eible to achieve the desired accuracy 
across all moistures with one calibration equation. Programming a higher 
order polynomial would relieve this problem. 
As expected, test weight was not correlated with meter errors. 
The GACII meter computes test weight, and automatically adjusts moisture 
readings on the basis of the calculated test weight. Test weights com­
puted by the meter tended to be more variable than test weights determined 
by the official quart measure. The meter uses about 240 grams of corn 
for test weight determinations, while the quart cup holds about 800 
grams. 
5.2.5. Summary of calibration biases 
Figures 5.9 and 5.10 summarize calibration bias patterns for the four 
meters, in 1979 and 1980, respectively. 
The 1980 calibrations caused improvements in the low moisture 
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Figure 5.9. Calibration bias patterns for the meters in 1979 
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performance of the meters. Further changes, as detailed in the indi­
vidual meter sections, are being made by manufacturers to improve high 
moisture accuracy. 
5.3. Variability of the 
Oven Measure 
Under the assumption that the oven is the base of reference, it 
follows that the variability observed in meter-to-oven con^ risons 
should be ascribed to the meter, or to variations in the relationship of 
dielectric to moisture content. However, there is some evidence to indi­
cate that there may be variation between two laboratory methods on a 
group of samples. Hart and Neustadt (1957), when comparing the Karl 
Fischer and air-oven methods, obtained a stemdard deviation of 1.2 
percentage points from a set of 65 san\ples, with an overall mean of 
1/2 17.65%. A similar value for meter-to-oven comparisons, , would be 
about 0.5 points in the 16% to 18% range. The interval variance, V^ , 
of the oven was determined for both years data. was not correlated 
with moisture content or any other variable in the datasets. The two 
year weighted average was 0,0296 (standard deviation of 0.17 points). 
This compares very favorably with the USDA published value of 0.040 
(standard deviation of 0.20 points). An expression for CV^  is: 
 ^_ (0.0296)^ ^^  • 100 (5.3.1) 
O Ù 
If the oven value is the result of more them one replicate 
subsample : 
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. (0.0296)^ /^  • 100 (5.3.2) 
° 
The internal variamce of the oven determination was small compared 
to the variance of a meter-to-oven comparison. Improvements in the 
precision of the reference method will not contribute significantly to 
more accurate meter calibrations. 
5.4. Variability of the Meter 
Measure 
Grain traders have long recognized that moisture meters will not 
often repeat themselves exactly on the same sample. The three drops per 
meter sample allowed an estimation of meter variance, V , which was found 
to increase with increasing moisture content. Another study (Nelson 
1978) reported high moisture corn to be susceptible to packing variations 
in the test cell and to surface friction effects. The shape of the di­
electric-moisture curve (Figure 2.9) shows that at high moistures there 
will be less change in dielectric per unit increase in moisture. Random 
interference factors are therefore likely to exert more pronounced 
effects on high moisture readings, and the meters will be less able to 
detect true differences in moisture. 
Variances, V^ , of individual meters were presented earlier. While 
there were detectable differences among breuids, practical application 
of the data will probably utilize a pooled average, over all breunds 
accepted for commerce. As an example, one might add a coefficient 
of variability criterion in a meter inspection program. The tolerance 
= 0.0006766 0^ - 0.02110+ 0.182 
OVEN MOISTURE. PERCENT 
Figure 5.11. Relationship of meter variance to moisture content 
Ill 
value would need to be based on a reasonable expectation of field per­
formances by present meters. A meter brand with below average capa­
bilities would be rejected more often tham those with superior charac­
teristics. While individual product approval is not the object of this 
research, meter memufacturers could benefit from studying meter 
variability as well as the more familiar meter bias. 
With all observations (both years) of pooled, the relationship 
of V to oven moisture is estimated as: 
V„ = 0.0006766(0)^  - 0.0211(0) + 0.182 (5.4.1) 
Equation 5.4.1 is plotted in Figure 5.11. 
The quadratic form demonstrates that an increase in meter variability 
occurs both at low and high moistures. This effect has been noted by 
other researchers (see Table 2.8). Applying Equation 4.4.1 yields: 
CV^  = Q ' 100 (5.4.2) 
Equation 5.4.2 estimates meter variability for a single drop of a 
sample in a meter. For drops of the sample : 
V 
cv = .100 (5.4.3) 
a 
There is a caution to the general application of Equation 5.4.3. 
The data came from one set of laboratory meters, maintained in a nearly 
ideal environment and operated by research personnel. The average per­
formance of commercial meters may be different, probably more variable. 
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Therefore, this is an idealized estimate which should be applied con­
servatively in the absence of field verification. 
Variations in tests of the same sample are not the only sources 
of error in a meter moisture measurement. There cam also be sample-
to-sample variations in the dielectric-moisture relationship, varia­
tions which lead to scatter in the meter-to-oven comparisons. 
5.5. Variability of Meter-to-Oven 
Comparisons 
Variemce of meter-to-oven comparisons, V^ ,^ was listed previously. 
This variance contains sample-to-sample effects, within meter effects 
(V^ ), and within-oven effects (V^ ). 
For a comparison based on n^  drops per meter test and n^  dishes per 
oven test; 
- Vgs + KT 
d o 
The total variance, , estimates overall variability of meter 
measures. It could apply, for example, to the determination of 
tolerances in natural grain meter inspection programs, or to the 
design of calibration check experiments. 
The scunple-to-sample component, V^ ,^ estimates influence of indi­
vidual random s «impies on the agreement between meter and oven. No 
statement cem be made as to whether the sample effects are on the meter, 
the oven, or both. Any generalizations from the V^ g values of this 
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study require the tacit assumption that the sample sets (both years) 
were ramdom and representative of the com being delivered to the market. 
Again, brand by bremd differences are not as important as an overall 
estimate for all meters. When all observations of both years, are 
pooled, the following relationship was obtained. 
Vj^O = 0.006588(0)^ - 0.2329(0) + 2.279 (5.5.2) 
Combination of Equations 5 . 5 . 1 ,  5 . 5 . 2 ,  and 5 , 4 . 1 ,  and 5 . 3 . 1  
yields ; 
Vgs = 0.006540(0)2 - 0.2259 + 2,067 (5.5.3) 
Equation 5 . 5 . 2  and its supporting data, are plotted in Figure 
5 . 1 2 .  
A comparison of the variemce magnitudes will indicate which variemce 
components exert the most influence on overall variations. Figure 5 . 1 3  
presents such a comparison, using Equation 5,5,2 to define the total, or 
100 percent, value. 
All lines on this graph are based on one replication, (one drop, 
one oven dish, one sanple), Increasing numbers of drops, for example, 
will reduce the magnitude of meter variability relative to sample euid 
oven variability. 
Clearly, the sample component is the major contributor. While it 
cannot be controlled on any particular sample, load-averaging will have 
the effect of increasing the number of samples. The variability of an 
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average will be much less tham that of any one test alone. 
Figure 5.13 depicted only relative magnitudes as a percentage 
of total. Equation 5.5.3 can be transformed into a coefficient of 
variability with the effect of replications included. 
cv = • 100 (5.5.4) 
Also: 
V'' 
cv = • 100 (5.5.3) 
/ o 
a 
V 
cv = — . 100 (5.3.2) 
A comparison of the CVs is presented in Tetble 5.14. 
There is striking agreement between the overall CV^  ^from this 
experiment, and that from Nelson's laboratory studies. This suggests 
that the meters are measuring dielectric consistently, and that the 
variations are originating from variability in the dielectric-to-
moisture relationship of corn. Further improvements in moisture meter 
precision will require a better understanding of the electric charac­
teristics of a scunple. 
Equations 5.5.4, 5.4.3, and 5.3.2, plus the variamce summation 
equation, 5.5.1, have considerable usefulness to meter calibration and 
standardization. They provide an advance estimate of error magnitudes 
in laboratory comparisons of meters to air-oven. Such comparisons are 
Table 5.14. Comparison of coefficients of variability for variance components 
Moisture 
content, 
percent 
10 
15 
20 
25 
30 
35 
Coefficients of variability, % 
Oven, Meter, Sample, Total, CV 
CV CV CV O M SS (applies to this 
n =1 n.=l n =1 lab procedure 
o d s . 
only) 
1.7 2.0 6.8 7.8 
1.1 0.9 2.6 3.4 
0.9 0.9 2.0 2.5 
0.7 1.1 2.8 3.0 
0.6 1.3 3.5 3.6 
0.5 1.5 4.2 4.2 
M^O reported 
by 
Nelson 
1978 
4.1 
3.4 
2.5 
2 . 6  
3.4 
5.9 
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made in government approval progreuns, and in manufacturer updates of 
calibrations. 
L2iboratory procedures cam be designed to reduce expense amd still 
provide a desired precision of results. For example, suppose a state 
wishes to verify with 95% confidence that a meter has a calibration 
bias of no more than t percentage points up to 24% moisture content. 
Furthermore, oven tests are so expensive that only two dishes 
per sample can be tested, but up to five meter drops (n^ =5) are 
possible. 
VMO - VsS + +- (5-5 5) 
a o 
where : 
= estimated variance of the experiment 
The variance of the mean of n^  comparisons is : 
S 
If t is taken as two standard deviations on the mean: 
+  t  =  +  2 V — ( 5 . 5 . 7 )  
— — MO — n 
s 
Substitution of 5.5.5 into 5.5.7 yields the following: 
"s - (i)'(Vss + (5-5-8) 
d o 
If significant calibration biases are expected, or if the 
experiment is to encompass moistures where varieuice increases rapidly. 
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then 5.5.8 should be applied to several narrow remges, as, for example, 
ranges of two percentage points. 
It would not be appropriate to apply this analysis directly to 
inspection of field meters. Variations among meters of the same bramd 
were not estimated, nor was the effect of operating conditions and 
meter age. Field tolerance based only on laboratory studies would 
probeQjly be too restrictive. 
5.6, Verification of Laboratory 
Procedural Design 
For the meter-to-oven comparisons to be valid, both meter and 
oven had to test samples of the same moisture content. The ladxiratory 
procedure was designed to minimize the possibility of saunples losing 
moisture during handling. A preliminary study indicated that no more 
them six drops could be made before significant moisture losses would 
occur. 
In 1980, the samples were oven-tested before and after meter 
testing. This was done to check the validity of the earlier experi­
ment. Figure 5.14 compares the actual moisture losses, by two point 
increments, to the preliminary estimate. 
The estimate predicted moisture loss quite well. Thus, the extra 
work created by the numerous oven tests did result in increased 
precision of the final results. 
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5.7. Summary and Discussion 
From the results of the 1979 and 1980 tests, the following 
was observed. 
1. Commercial moisture meters exhibited significant calibration 
biases on the 1979 corn samples. These biases were reduced 
but not eliminated by the 1980 calibrations. More changes 
will be needed to produce accuracy at high moisture contents. 
2. All meters exhibited random variability. Variability was 
introduced from three sources—the oven, the meter, emd the 
sample. 
3. Estimates of the variamce components ceui be summarized in 
the following set of equations. 
M^O - Tss + (5-5 
d o 
Vgg = 0.006540(0)^  - 0.2259(0) + 2.067 (5.5.3) 
v.. = 0.0006766(0)^  - 0.0211(0) + 0.182 (5.4.1) 
M 
Vq = 0.0296 
4. The meters were measuring dielectric consistently. Meter 
and sample variations were probably caused by variations 
in dielectric among drops and samples, respectively. 
5. Sample-to-sample variability contributed approximately 85% 
of the total variability. Studies of grain composition relative 
to dielectric properties offer the most potential to improve 
meter precision. 
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6. Oven variability was generally less than 5.0% of the total 
variability. Efforts to improve reference method precision 
will probably not significantly improve calibration accuracy. 
7. Meter variability contributed an increasing share of the 
total variability as moisture increased. Meter variability 
can be controlled by making more drops per sample. The number 
of drops can be selected based on a desired precision of the 
results. 
These results can be useful in several ways. 
1. The elimination of biases will provide more consistent and 
equitable trades. 
2. The variance amalysis can be used by am investigators wishing 
to revise or check calibration accuracy. 
3. The marketplace can be more aware of the achievable limits of 
moisture measurement accuracy. 
4. The interaction between market discounts and moisture measure­
ment can be examined. 
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6. THE INTERACTION BETWEEN TEST WEIGHT AND 
MOISTURE CONTENT 
6.1. Test Weight as a Measure 
of Quality 
Test weight is an indication of grain bulk density under the 
specific conditions of the USDA measurement procedure. Obviously, the 
density obtained from a two-inch fall into a quart measuring cup will not 
necessarily be the density occurring after a 100 ft drop into a grain 
bin, or a 12 inch drop into a moisture meter test cell. Grain warehouse 
inspection agencies, concerned with calculating grain weight from a 
measured volume, have developed correction tables to relate test weight 
to on-site bulk density (USDA 1980; Iowa Commerce Commission 1975). 
Test weight is claimed to be an indicator of overall grain quality 
and general suitability for consumption. Feeding trials in Illinois 
have shown that livestock are not adversely affected by corn test 
weights down to 40 ppb (Hall and Hill 1973). Feed efficiencies and 
rates of gain of swine, cattle, and poultry were unrelated to corn test 
weight. The implication is that lower test weight does not mean 
reduced nutritive value of corn dry matter. Hard data on the effect 
of test weight on processing uses are scarce, wet and dry millers claim 
however, that a positive correlation does exist between test weight and 
processed product yields. Grain buyers may regard high test weight as an 
indicator of reduced risk that the grain will be unsuitable for their uses. 
The value of test weight in the grade standards has been debated at 
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length by the NC-151 committee. In addition to the millers' opinions, 
these discussions have brought out the possibility that test weight 
is substituting for some other quality factor not presently measured, 
such as brittleness. Not enough is known a&bout physical property re­
lationships to maOce this conclusion solid. 
Research has shown that there are several possible causes for 
low test weight. Corn varieties have varying genetic capaibility to 
produce high test weight grain. A. Forrest Troyer, Director of Research 
for Pfizer Genetics Inc., speaking to the June meeting of NC-151, 
described the efforts of plant breeders over the past 20 years, to 
select for high test weight varieties. Growing season stresses, frost, 
drought, excessive moisture, are widely known to produce lower test 
weight. Some extreme variations have been documented (Hill 1972). 
Mold invasion reduces test weight. Detectable decreases were observed 
within the allowable storage time (Saul emd Steele 1968). Finally, high 
moisture grain has a lower test weight them the same grain has after 
drying to 2YC moisture levels (Hall and Hill 1973). Typically, corn 
gains 0.25 ppb per percent moisture removed down to 15.5%, according to 
the Hall and Hill study. Depending on the cause, test weight less 
than 54 ppb may be a) uniquely indicative of poor quality, b) a 
redundant measure of some other property, or c) unrelated to quality. 
The test weight-moisture relationship deserves more discussion 
in the context of moisture measurement. The Hall and Hill results were 
obtained from samples of the seune corn before emd after drying. Data 
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presented in Table 5.5 demonstrate the same trend regardless of 
whether the com dried in the field or was artificially dried. 
Statistically, the correlation between oven moisture emd test weight 
was -0.61 and -0.82 in 1979 and 1980, respectively. Actual values by 
two percent moisture increments, are plotted in Figure 6.1. 
A discount for test weight in high moisture com, without first 
compensating for the moisture effect, represents an extra tariff on 
moisture. The Hall and Hill Equation: 
TWa - TWo + 0.25+ 1.8 (6.1.1) 
where : 
TW^ = adjusted test weight, ppb 
TW^ = original test weight, ppb 
= original moisture content, percent 
= final moisture content, percent 
would seem an appropriate adjustment factor. As an example, corn at 
51.2 ppb and 25.6% moisture, to be discounted to 15.5% would have 
adjusted test weight of 55.6 ppb. The adjusted test weight was well 
over 2YC standards while the measured value was 2.8 ppb less. From a 
numeric grade standpoint, the wet corn would be 3YC for test weight, 
but adjusted for moisture the test weight would easily make 2YC. 
If the grain buyer needed the test weight discount to maintain profits, 
he should apply it as a larger moisture discount. 
The strong correlation between test weight and moisture also has 
relevance to the test weight corrections of some moisture meters. 
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Nelson (1978) documented bulk density effect on the dielectric proper­
ties of a fixed weight of grain. The correction is additive for 
density under the base standard and subtractive for densities over the 
reference value. The reference value is 56 ppb for all moisture 
meters with test weight corrections. 
Manual test weight corrections are time consuming and disliked by 
meter users, especially if the meter is a digital readout machine 
requiring no other hand conversions. In practice, elevator operators 
rarely use the test weight correction, even though it would most likely 
be upward, in the elevator's favor. The extra time required to measure 
test weight emd then adjust the meter reading is considered objection­
able. Elevator managers also cited farmer distrust of a manual addition 
to the digital reading. The high correlation between test weight amd 
moisture indicates that test weight corrections could be included in 
the basic calibration of the meter. 
6.2. The Effect of Test Weight on 
Moisture Meters 
The test weight corrections for moisture meter readings cause 
variability in the test weight determination to introduce variability 
to the moisture test. Test weight variability was determined from 
triplicating measurements of the 1980 samples. Tg»ble 6.1 represents 
measures of test weight variations by one ppb increments. 
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Table 6.1. 
Range, 
ppb 
VarieûJility of test weight measurements on the 1980 
samples 
Average 
test weight, 
ppb 
Average 
variance, 
Coefficient 
of 
variation, % 
(n^=3) 
47-48 
48-49 
49-50 
50-51 
51-52 
52-53 
53-54 
54-55 
55-56 
56-57 
57-58 
58-59 
59-60 
60-61 
61-62 
62-63 
47.5 0.518 
No data in this range 
0.327 49.5 
50.5 
51.6 
52.4 
53.5 
54.5 
55.5 
56.5 
57.5 
58.4 
59.4 
60.3 
0.113 
0.227 
0.128 
0.077 
0.095 
0.131 
0.091 
0.062 
0.068 
0.049 
0.073 
No data in this remge 
62.5 0.023 
0.9 
0.7 
0.4 
0.5 
0.4 
0.3 
0.3 
0.4 
0.4 
0.3 
0.3 
0 . 2  
0.3 
0.1 
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cv = • 100 (6.2.1) 
The best fit to these data was: 
V = -0.01253(TW) + 0.795 (6.2.2) 
R2=0.02 
The model was significant at the 0.001 level of confidence. The 
2 low R makes it difficult to draw predictive conclusions. An analysis 
of the relative importance of test weight variability will help to 
put this in perspective. 
If a moisture meter requires a test weight correction, then 
varieJaility in determination of test weight will contribute to 
variability in the moisture reading. Let be the meter variamce 
contributed by test weight variability. 
Vt' 
where; 
= correction for test weight, points per ppb 
At a test weight of 56 ppb, would be estimated as 0.088. The 
test weight correction for the Steinlite meter is 0.10 points per ppb. 
Therefore, at 56 ppb, V = 0.00088. From the test weight-to-moisture 
relationship (Figure 6.1), 56 ppb will correspond to 15%-18% moisture. 
At these moistures, is approximately 0.025 (Figure 5.11). There­
fore: 
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Test weight was contributing about 3.5% of meter vari6d)ility. 
Because meter variability itself is only 8% to 10% of total 
varied)ility in moisture tests (Figure 5.13), test weight variations 
are not contributing appreciably to moisture measurement errors. In 
this experiment, the test weight values were the average of three 
replications, reducing the effects of test weight variations still 
further. 
Test weight variability exerts a more pronounced effect on the 
direct discounting for test weight. The maximum expected variation, 
as measured by plus or minus two standard deviations from the me am, 
would be: 
TW' = TW^ 2 (—) 
"t 
where ; 
TW' = observed value of test weight, ppb 
TW = actual value of test weight, ppb 
The usual practice is to take one measure of the test weight 
on a sample. At 54 ppb, the cutoff for 2YC: 
TW' = 54+0.7 ppb 
A measurement between 53.3 and 54.7 ppb would be expected. Yet, 
test weight, expressed to 0.1 ppb, and based on a single determination, 
is often the criterion for reducing the grade of a substeuitial lot 
of grain. 
The current discount for test weight is 2 cents per bushel per 
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ppb under 54 ppb. Therefore, the measurement variability can cause 
eùx>ut 1.5 cents per bushel economic variability, assuming one measure­
ment is made. The argument for load-averaging applies to test weight 
as well as moisture. In a range of about 0.7 ppb either side of 54 
ppb, the seller will automatically loose from variations. No premiums 
are offered for test weights in excess of 54 ppb. 
6.3. Summary amd Discussion 
1. Test weight decreased as moisture content increased. The 
Hall and Hill equation described the relationship of test 
weight and moisture content well. 
2. The test weight measure was more variable tham expected. 
An approximate equation for test weight measurement 
variance is: 
= -0.01253(TW) + 0.795 (6.2.2) 
At 54 ppb, this equation produces a meucimum expected 
deviation of plus or minus 0.7 ppb. 
3. Test weight variations do not contribute significantly 
to moisture measurement variations, in meters where a 
manual correction is required. 
4. Test weight corrections are time-consuming euid a source of 
human error. Efforts should be made to design moisture meters 
to be self-compensating for bulk density cheuiges. It would 
be possible to incorporate test weight corrections with 
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the basic calibrations, but this procedure will introduce 
errors when testing unusual seunples. 
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7. APPLICATION OF MOISTURE METER 
PERFORMANCE TO SHRINKAGE 
Shrinkage is defined as the weight change experienced by grain as 
it moves through a grain handling facility. It includes both moisture 
changes and material handling losses. Ordinarily shrinkage will be 
negative, a loss in weight, because moisture is normally removed from 
grain. Rare cases of positive shrinkage have been reported, however. 
The USDA (1977) discussed situations where cold grain shipped from 
Minnesota was picking up condensation as it was unloaded at the Gulf 
Coast. Handling losses are always negative. 
7.1. Water Weight Changes 
7.1.1. Notation 
Define : 
M^ = content of wet grain, percent 
Mp = moisture content to which shrink is taken, percent 
Wjj = weight of wet grain 
Wp = weight of dry grain 
w^ = weight of water in wet grain 
w^ = weight of water in dry grain 
S = total shrinkage, percent of wet weight 
s = shrink factor, percent of wet weight per point 
h = handling loss, percent of wet weight. 
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7.1.2. Mathematics 
The grain buyer uses shrinkage to reduce an initial weight of high 
moisture grain to an estimated final weight at a lower moisture content. 
Consider first the water losses. The loss in weight due to drying will 
be; 
A w  =  ( 7 . 1 . 1 )  
=  -  w ^  ( 7 . 1 . 2 )  
The amount of water in the wet grain is given by the equation: 
M = ^  . 100 (7.1.3) 
cuid in the dry grain: 
w 
» — • 100 (7.1.4) 
D 
So : 
,"w 
'îSô'"w - 'î§ô'"d -
Since there are two unknowns, and AW, the dry matter balance must be 
applied. 
"w 
Solve 7.1.6 for and substitute; 
AW = .. ) (M,-M^)W„ (7.1.7) 
^100-Mjj' 
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This is the simplest equation to use when calculating water weight 
losses. Notice that the equation is of the form; 
A w  = factor x points x weight 
This is identical in form to the shrinkage factor calculation 
currently used by the grain industry. "Hie value of the water loss 
factor is l/dOO-Mj^), and does not depend on the initial moisture, M^. 
The water loss factor carries units of percent of wet weight lost per 
percentage point of moisture removed. Teible 7.1 shows calculated 
values of the factor for several values of final moisture content, 
amd multiplied by 100 to convert to percentage rather than decimal 
form. 
If 1 5 . 5 %  is the final moisture content. Equation 7 . 1 . 7  becomes: 
A w  =  0 . 0 1 1 8 3 -  1 5 . 5 )  ( W ^ )  ( 7 . 1 . 8 )  
and: 
Wg = ll-0.01183(M^ - 15.5)]W^ (7.1.9) 
Equation 7.1.9 demonstrates the computation by which a corn weight 
at some moisture other tham 15.5% can be converted to an equivalent 
weight (equivalent in dry matter) at 15.5%. If bushels are the unit 
of measure, then the bushel cem be standardized to some fixed weight 
of dry matter, 47,32 lb (21.5 kg) for 2YC. To convert a weight, in 
pounds, to bushels of 2YC, the raw weight is divided by a weight per 
bushel which contains the required 47.32 lb of dry matter at the 
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Table 7.1. Water loss factor, as affected by moisture content 
Final moisture Water loss factor. 
content, percent loss of wet weight 
percent per point of moisture 
30 1.428 
25 1.333 
20 1.250 
18 1.219 
16 1.190 
15.5 1.183 
15 1.776 
14 1.163 
13 1.149 
12 1.136 
11 1.124 
measured moisture content. This weight can be determined from 
Equation 7.1.9, with = 56 lbs. 
= 56[1 - 0.01183(M^ - 15.5)]"^ (7.1.10) 
Equation 7.1.10 is solved graphically in Figure 7.1. Division by 
the appropriate bushel weight from Figure 7.1 will automatically adjust 
all grain loads, wet or dry, to the seune 47.32 lb of dry matter per 
bushel. The argument for elimination of the 15.5% moisture basis 
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STANDARD WEIGHT, 56 lbs 
MOISTURE CONTENT, PERCENT 
Figure 7.1. Weight of corn required to produce 56 lbs at 15.5% 
moisture 
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is unrealistic from a marketing standpoint. Traders and over­
seas buyers would have to adjust their pricing policies drastically 
and moisture will always be a quality factor of interest in trading. 
Thus, the retention of the basis 2YC definition of a bushel would 
result in the least disruptions in trading while permitting uni­
formity in grain quantity measurements to be achieved. 
7.2. Shrinkage 
7.2.1. Handling losses 
Small amounts of material losses in addition to water losses are 
inevitable when grain is dried or handled. Shrinkage is defined as 
the total of water losses and handling losses. Water losses ceui be 
calculated by formula but hemdling losses can be highly variable and 
more difficult to quantify. 
Several factors contribute to handling losses. 
1. Dust and very fine particles. A USDA study found dust 
losses of 0.25% of total weight when dry corn was handled 
through a rapid handling system (Martin and Sauer 1975). 
Teibor Grain Co. (personal communication, Norman Larson, 
Decatur, Illinois), estimates about 0.1% dust 
losses in their elevators. More stringent OSHA and EPA 
dust control regulations will tend to increase dust losses. 
2. Stray kernels and spillage. 
3. Mold losses in storage. Itie allowable storage time work of 
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Saul (1967) showed that when corn has lost one commercial 
grade number due to DKT, it will have lost about 0.5% of 
its weight to mold respiration. 
4. Removal of BCFM created in handling. Grain becomes more 
brittle as it dries. Rapid drying causes stress cracks in 
nearly all kernels (Foster and Holman 1973). The end 
resulting in dry grain with higher levels of BCFM than 
originally purchased. Screening (12/64-in) is often required 
to return the corn to contract specifications. Screenings 
can be sold, typically for 75% of corn market value (Hill 
and Brooks 1978). The 25% price loss plus the cost of 
screening represent a handling loss to the merchandiser. 
5. Overdrying. Any grain resold by a handler at lower moisture 
than its purchase basis will suffer a shrinkage loss. 
6. Moisture measurement errors. A relative bias in the 
measurement of moisture in the wet grain and the dry grain 
will result in an error in the value assigned for shrinkage. 
Accurate moisture measurements are particularly important if 
all weights, wet or dry, are to be adjusted to some constant 
dry matter. 
7.2.2. Methods of calculating shrinkage 
There are two methods of computing shrinkage, the fixed hamdling 
loss method and the shrink factor method. 
The fixed handling loss method assumes that a fixed percentage 
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of initial weight is lost as handling loss. The 
for the fixed hetndling loss method is: 
» • <î5Ô:3Ç' 'V%> * " 
defining equation 
(7.2.1) 
To obtain the shrinkage, in pounds, for some initial weight, 
WQ, one need only multiply S by W^. 
The traditional assumption for the value of h has been 0.005 
(0.5%) in the Minary Tables, Series D (Minary 1947). These tables 
were in widespread use until the early 1970s. A revision of the 
Series D tcibles in which h is set to the value of 0.02 (2.0%) has 
recently been published by Mr. Minary. These are the Minary 
Combination tables (Minary 1977). 
More recently, shrinkage has been confuted by the shrink factor 
method. In this method, a factor is used to represent the percentage 
loss per percentage point of moisture removed. This factor carries 
the same units as the water loss factor, but differs in value, as 
handling losses are included. For the shrink factor method: 
® = ïôô%~"D^ (7.2.2) 
Because em addition for handling loss is included in the factor, 
s, the percentage allowance for handling loss increases as initiaU. 
moisture content increases. The shrink factor calculation would be 
more representative of actual weight losses if handling losses are 
initial moisture content dependent. If not, then the fixed handling 
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loss method will give a more accurate representation of weight losses. 
6.2.3. History of shrinkage methods 
As mentioned earlier, the Minary Series D version of the fixed 
handling loss method was the industry standard until the early 1970s. 
The first recorded challenge to the Minary TaUales came in 1972 (Hill 
1972). This was a poor growing season, with an early frost, wet grain, 
and poor quality (as evidenced by low test weight). Basically, the 
complaint from the grain trade was that the Minary Table was under­
estimating shrinkage. One elevator claimed a $66,000 loss in that year 
alone (Hart 1978). 
As to the origin of the Minary Tables, Mr. Minary owned a river 
elevator in Louisville, KY where he kept records of inbound emd out­
bound weights and moisture contents (by the Brown-Duvel method). He 
states that he lost an average of 0.22% handling loss but for safety 
included 0.5% in his tables. There are two key considerations to 
the use of his tables : 1) The Brown-Duvel is a direct cooking method, 
not subject to the calibration errors of electronic testers, 2) As 
primarily dry corn and small grains were handled, relative moisture 
measurement bias between wet and dry grain was not a problem. 
Electronic moisture testers were not in widespread commercial 
use until the 1960s. Elevators were using Brown-Duvel equipment. 
Field shelling of wet corn also was not practiced until the 1960s. 
Ear corn could not be shelled by cage shellers until it was dry so wet 
grain did not reach the market. 
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The two meters first used commercially were the Motomco and the 
Steinlite. The calibration bias of the Motomco meter is given in 
Figures 5.5 and 5.6, A year of wet corn could produce inventory 
balance problems not faced in dry years. The Steinlite tends to give 
lower readings when test weight is lower, as it was in 1972. There 
was no published test weight correction for Steinlite in 1972. As 
moisture meter accuracy eunid shrink are inextricably related it is 
possible that the trade erroneously blamed the shrink formula for a 
problem caused by the moisture meter. 
A recent development in grain handling has potentially increased 
the tendency to suffer handling loss-rapid drying. Foster and Holmam 
(1973) showed that rapid drying dramatically increased susceptibility 
to future breakage. Grain traders have used larger shrink factors 
to cover for generated BCFM. However, raising shrink will just pass 
the cost back to the producers, discourage drying at elevators, and 
encourage farmers to invest in drying bins to avoid high discounts. 
Physically damaged grain does not store as easily as sound grain 
(Saul 1967, Kalbasi et al. 1979), More aeration and lower storage moistures 
are needed (more handling loss if the shrinkage basis moisture stays 
at 15.5%). Physical damage comes from dryers, and from combines. 
Kline (1972) found that concave type combines damage 40% or more of 
the kernels but do not grind them enough to produce discountable BCFM. 
Several researchers have documented the steady size reduction of grain 
as it is handled (Hill et al. 1979, Herum 1981). 
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Since the trade thought wet grain "shrank differently" than normal 
grain (because of moisture measurement errors), the trend toward the 
factor shrinkage method is explainable, A method which tied the 
handling loss to moisture was adopted. Factor shrink is also easier 
to calculate than fixed handling loss shrink; it is easy to chamge 
the factor as competition will allow. 
Nearly all Iowa grain buyers now use factor shrinkage. A recent 
survey by Iowa Grain and Feed Association found the average factor to 
be 1.35% per point, with a range of 1.25% to 1.75% (IGFA 1979). Table 
7.2 shows the financial implications of various shrinkage formulae. 
7,2.4. Comparison of shrinkage methods 
Table 7,2 suggests that there is some equivalence between handling 
loss, h, and the shrink factor, s, for a particular set of initial and 
final moisture contents. If the shrinkage obtained by the factor 
method is set equal to the shrinkage obtained by the fixed handling 
loss method, an expression for the value of h required to match the 
factor shrinkage can be derived. 
(V"D1 + H' - ÎIÔ'VD' (7.2.3) 
and: 
h' = ^ï5ô • (7.2.4) 
where : 
h' = handling loss allowemce included in a shrink factor 
percent 
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Table 7.2. Economic effects of various shrinkage formulas 
Shrink formula* Wet bushels 
Dry 
bushels 
Value, 
$ 
Handling loss, % 
of wet weight 
Water only 400 359.6 1078.80 0.00 
Minary Tables, 
Series D 400 357.8 1072.80 0.50 
1.25 factor 400 357.5 1072.50 0.57 
1.30 factor 400 355.8 1067.40 0.99 
1.35 factor 400 354.1 1062.30 1.42 
1.40 factor 400 352.4 1057.20 1.84 
Minary Tables, 
Series C 400 351.8 1055.40 2.00 
1.50 factor 400 349.0 1047.00 2.69 
1.75 factor 400 340.5 1021.50 4.82 
^Assumptions: 22,400 lbs. of 24% moisture corn shrunk to 15.5%. 
Price of 2YC at $3.00 per bushel. 
This expression demonstrates the dependence of the handling loss 
allowance on initial moisture in the factor method. As initial 
moisture content is increased, for a given final moisture content, the 
allowance for handling losses increases in direct proportion to the 
moisture content increase. Also, as final moisture content is 
decreased (e.g., drying to 14.0% instead of 15.5% in corn), both the 
differential between s and the water loss factor and between and 
is increased. These effects reinforce one another to increase the 
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heuidling loss allowance for a given initial moisture. 
Again, if research evidence fails to show that handling loss 
depends on initial moisture content, then lower shrinkage factors 
would be in order for both higher moisture grain and shrinkage taiken 
to lower moisture contents than the conventional 15.5% for com. 
Figures 7.2 and 7,3 give solutions to Equation 7.2.4 for drying 
to 15.5% and 14.0%, respectively. There is no shrink factor that will 
give results equal to a fixed handling loss percentage at more than 
one pair of initial and final moisture contents. Therefore, should 
the handling loss prove to be reasonably unaffected with respect to 
moisture differential, the shrink factor method will penalize some 
sellers and show favor to others. 
Much as it gives flexibility to grain buyers, the factor method is 
also vulnerable to year-by-year changes in crop quality. Suppose am 
elevator experienced 0.75% handling losses emd had a weighted average 
inbound  mo i s tu re  o f  24% .  From F igure  7 . 2 ,  a  shr ink  fac tor  o f  1 . 30  
would produce an average inventory balance. Now assume that next 
year the inbound moisture fell. The 1.30 factor would produce a 
shortage by not taking enough handling loss. 
Harvest delivery moistures have been falling over the past several 
years. More farmers have at least some on-farm drying and storage. 
The elevator gets the overrun—harvested last at a lower moisture 
content. Plant breeders are also selecting hybrids for field dry-
down rate. It is much cheaper to harvest dry corn than buy fuel for 
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Figure 7,3, Handling loss allowance included in shrink factors, when 
shrink is taken to 14.0% 
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drying, provided yields can be maintained. 
Lower average delivery moistures c«m help explain the trend toward 
higher shrink factors. This is exactly opposite of the prevailing 
view that poor quality corn is responsible for high shrink. 
7 .2 ,5 .  The need for accurate shrinkage schedules 
An accurate shrinkage formula fills several requirements of the 
grain trade. Grain elevators need accounting of physical inventory, 
for both business and regulatory reasons. The Iowa Commerce Commission 
inspects all licensed grain warehouses (where grain is stored for a fee) 
twice a year to assure grain depositors that grain is indeed avail­
able to cover warehouse receipts. For the elevator to have an accurate 
inventory estimate, the shrinkage formula must be accurate on average 
(over all loads delivered), but not necessarily am accurate estimate 
of losses from each individual load. 
However, all sellers will not be delivering grain at the elevator's 
average moisture. A shrink schedule which over-shrinks some moistures 
and undershrinks others will not give an equitable distribution of 
moisture penalties. 
The types of transactions where shrink is applied advance the case 
for lot-by-lot accuracy. Shrinkage is used in price-later emd warehouse 
receipt transactions. In both cases, the sale price is not set at 
the time of delivery; the buyer gives the seller a bonded guareuitee that 
the grain (or money) will be available at some future date when the grain 
is priced. Price-later gives the elevator flexibility to move the grain 
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and deposit cash to cover the contract. A warehouse receipt requires 
the storage of the grain, for a monthly fee. Because of Iowa ware­
house inspection and solvency regulations, the warehouse receipt .and 
the price-later contract is looked upon as legal tender by financial 
institutions. Many farmers and traders secure loeuis with these as 
collateral. Credit limits are based on the bushels stated on the 
documents. 
Finally, elevators may find that a shrinkage schedule not based 
on scientific evidence to be accurate one year emd unexpectedly in 
error the next. For exeunple, the impact of a 0.5% unexpected shrinkage 
error on an elevator operating with a 4 cents per bushel margin and corn 
priced at $3.00 per bushel is a loss of 1.5 cents or forty percent of 
net revenues. 
7 . 2 . 6 .  Effect of moisture meter bias 
Let = error in measuring initial moisture, percentage points. 
E^ = error in measuring final moisture, percentage points. 
M^' = measured moisture of wet grain, percent. 
= measured moisture of dry grain, percent. 
Both and E^ can be positive or negative in sign. By conven­
tion, assume positive errors to me am that the error caused the 
observed moisture content to be too high, and negative errors to mean 
the error caused the observed moisture content to be too low. Then: 
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*W' - "W + S* (7'2'5) 
and 
MJJ' = MD + (7.2.6) 
In the fixed handling loss method, the actual water loss will be 
based on and the actual moisture contents. The shrink, using 
7,2.1, will be computed as: 
^ • 'lOO^yE„)"'VV-'W' + » 17-2-7' 
The assumption is that the grain will be shrunk to but that 
for various possible reasons, it is resold at . This could be caused 
by incorrect moisture meter readings (relative to the chosen reference 
base) or by drying to some moisture other them 
If and E^ have the same algebraic sign (either positive or 
negative) they will tend to offset one euiother; if of opposing signs, 
they will reinforce one another. 
= • 'lOO(yEp)"'V"D' * 'V^D'' * " <7-2-8' 
There is a special case of no error in the final moisture content, 
(Ej^= 0.0), This is not unusual in grain trades since the Motomco 
meter was found to be unbiased at normal 2YC moistures. Most elevators 
sell grain to exporters or consumers over Federal grades using the 
Motomco. 
In the shrink factor method, measurement errors can be 
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incorporated as follows: 
S - - (Mo+Eo)] ( 7 . 2 . 9 )  
Again, the hamdling loss required to produce equivalence between 
factor and fixed loss calculation can be determined. Combining 
Equat ions  7 . 2 . 7  eu id  7 . 2 . 9 :  
If E^-E^ > 0.0, the equivalent handling loss allowance con­
sidering moisture measurement errors will be larger than the equivalent 
ha nd l ing  l o s s  a l l ow ance  i gnor ing  mo i s ture  measurement  e rrors .  To  f i l l  
this condition the bias of initial moisture reading must be positive 
and larger them E^. 
The error terms, E^ and E^, can be estimated for specific cases 
from the moisture meter studies. The calibration bias equations 
( s e c t i on  5 .2 )  wou ld  be  subs t i tu t ed  appropr ia t e ly  in to  Equa t io n  7 . 2 . 1 0 .  
If the elevator does not sell over the saune meter used for purchases, 
then the same bias equation cannot be used for both E^ and E^. Also, 
should the elevator sell at a moisture other than that to which shrink 
was taken (e.g., shrink to 15.5%, sell at 14.0%), this difference is 
part of E^, positive if the grain is sold drier than the shrink moisture, 
negative if sold wetter. 
Consider two examples, chosen to illustrate the extreme effects of 
h' = [ (Mj,-Mjj) + (Ew-EQ)][^QQ - 100 (Mjj+Ejj) ^ ( 7 . 2 . 10 )  
Notice that h'could be negative if M^-M < E^-E WD ^ D' 
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meter-shrink interaction but not atypical situations. In both cases, 
the elevator is using a 1.4% shrink factor. 
Case I. Corn bought over an SS250, 1979 calibration. Com sold 
at 15.5% over a Motomco. Com shrunk to 14.0%. 
Case II. Corn bought over a Motomco. Com sold over a Motomco 
at 14.0%. Com shrunk to 15.5%. 
Factor shrinkage cein either magnify or compensate moisture meter 
errors. If incorrect meters were unavoidable, then perhaps factor 
shrink formulas would give the most accurate results in certain 
situations. With accurate meters, factor shrinkage may give reliable 
overall estimates of shrink, but not a load-by-load equitable distribu­
tion of shrink. 
The "without meter bias" line in Figure 7.4 reaffirms a point 
made earlier—lower average wet com moisture requires a higher shrink 
factor to provide a specified handling loss allowance. This fact is 
probably as responsible for the upward trend in shrink factors as emy 
other possible cause. It is also diametrically opposed to the reasoning 
offered by the grain trade—declining quality due to abusive hfurvest 
and drying of high moisture corn. 
7.2,7. Effect of moisture meter variability 
Moisture meter variability can affect the equitability of shrinkage 
discounts. Assume that meters are unbiased, and let M' represent the true 
value (oven moisture content), and M as the measured value. For 95% 
confidence : 
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Figure 7.4. Interaction between moisture measurement and shrinkage 
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M - + 2 (^) (7.2.11) 
s 
where ; 
&0 - Vgg + f (S'S.I) 
a o 
Assume that the meter calibrations were drawn on the basis of 
three oven dishes per sample (n^=3) and that the grain buyer makes one 
drop per sample (n =1). Then: 
M = M' + 2(— ) (7.2.12) 
" 
There is a confidence bcuid, centered around the true value, 
M', in which the measured value can be expected to fall. This band is 
shown in Figure 7.5. 
The 2YC moisture, 15.5%, is normally the cutoff point for any form 
of moisture discounting. There is a remge of moistures, centered on 
15.5%, where the variability does not affect buyer euid seller equally. 
This occurs because corn testing over 15.5%, whether by variaUsility or 
actual moisture, will be discounted while com testing less theui 15.5% 
will not receive premiums. The width of this remge is equal to twice 
the maximum expected deviation at 15.5%. For n^*l (individual load 
discounting), corn with moisture between 14.7% emd 16.3% will be so 
affected. In this range, the buyer will automatically profit from 
variability in moisture testing. Above and below this ramge, buyer 
and seller will share more equally in the effects of variability. 
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Figure 7.5. Maximum expected random variation of a meter reading 
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If load-average discounting is used (for example let n^=10), the 
range narrows (15.25% to 15.75% for ten loads averaged). As the number 
of loads sold increases, load-averaging will cut this range farther 
and farther. Since the market grades encourage grain to be delivered 
as close to 15.5% as possible, considerable amounts of grain are likely 
to be traded the range where variability favors the buyer over the 
seller. 
As moisture increases above 15.5%, it becomes more unlikely that 
variability will cause a meter to read less them 15.5%. Therefore, at 
high moisture, buyer and seller teUie equal chance with variability. But, 
if the buyer is hemdling many loads, his overall risk is small. Buyer 
and seller may have equal chances on any individual test, but for a 
seller delivering a few loads, the risk is much greater than for a buyer 
purchasing many loads. Sellers collectively may come out even, but 
sellers individually probably will not. Load averaging will not relieve 
this problem. The only complete solution is less varigible meters. 
7.3, Summary and Discussion 
1. A load-by-load accurate shrinkage formula is essential 
for the equitable distribution of payments for grain. 
2. The allowemce for material handling losses increases as shrink 
factor is increased. 
3. Factor shrinkage can either compensate or magnify moisture 
meter biases. 
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4. With unbiased moisture meters, the dry matter definition 
of a bushel would eliminate water loss from the shrinkage 
formula. Shrinkage would only be needed to cover material 
handling losses. 
5. Moisture meter variability does not affect buyer emd 
seller equally. At moistures near 15.5%, the seller will 
automatically loose from random variability. At other 
moistures, the seller will bear more risk of financial 
loss than will the buyer. 
6. Load-average discounting reduces the possibility of 
automatic losses, but will not equalize risks. 
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8. CONCLUSIONS 
Before the recalibrations of 1979 and 1980, moisture meters were 
not calibrated to the official air-oven method. The magnitude 
of calibration errors varied by moisture meter model and manu­
facturer. Some further modifications are still needed to pro­
duce calibrations accurate at all corn moistures from 10% to 40%. 
Random variability was introduced from three sources, indi­
vidual corn sëunples, internal precision of the meter, «md 
precision of the oven reference standard. Sample-to-sample 
variability was the largest component, followed by internal 
meter variability and oven variability. S2unple-to-seuQ>le 
variability accounted for over 80% of the total, while the oven 
normally contributed less than 5% of the total. 
Sample-to-sample and internal meter vauriad)ility increased 
with increasing moisture content. Equations were developed 
to relate these components to moisture content. Oven 
variability was not affected by moisture content. 
Both calibration errors and ramdom variability were large 
enough to affect corn pricing. Calibration errors may or 
may not be adjusted accurately by the usual moisture pricing 
mechanisms. Random variability will generally affect the 
seller of grain more adversely tham the buyer of grain. 
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5. Several changes could assist the corn market in accounting 
for moisture content accurately and equitably. These changes 
are described in Chapter 9. 
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9. PROPOSED IMPROVEMENTS TO CORN MOISTURE 
MEASUREMENT AND DISCOUNTING 
The following points are offered as improvements to present methods 
of dealing with corn moisture. 
1. Recalibrate moisture meters nationally to match a laboratory 
reference method. 
2. Take three readings on samples over 25% moisture, and express 
tests on individual loads to the nearest 0.2% moisture. 
3. Use meters that are designed to self-compensate for test 
weight. If this is not practical, incorporate test weight 
into basic calibrations. Apply mamual correction factors 
only when the adjusted test weight deviates by more than 0.4 
ppb from that predicted by the Hall emd Hill equation. See 
item 7 below. 
4. Design future moisture meter performeuice studies 
based on the variance estimates presented in this 
report. Field data on the performance of commercial meters 
are needed before inspection methods and tolerances ceui be 
evaluated. 
5. Define a bushel as 47.32 lb of dry matter (56 lb of whole com 
at 15.5% moisture). 
6. Assess handling losses as a percentage of the original weight. 
Apply discretionary discounts and drying fees as desired. 
Under the dry matter system, the discount limit can be set at 
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a safe storage moisture content without penalty to either 
7. Adjust test weight for moisture content according to the Hall 
and Hill formula. Discount only on adjusted test 
weight. 
8. Use the load-average discounting method. 
Recalibration of meters is already in progress. Through the 
Iowa-Illinois Moisture Measurement Task Force, these two states have 
effected recalibration of all state-inspected meters to the air-oven 
standard. FGIS has accepted the Iowa State research results, emd has 
recalibrated its meters as well. There is now a proposal before the 
National Conference on Weights and Measures that would effectively make 
the air-oven the standard in all state certified inspections. This 
proposal is likely to be approved. 
Recalibration will affect grain dealer profits. Those grain 
dealers using meters which traditionally have overstated moisture will 
experience a reduction in inventory positions, and vice-versa for 
meters traditionally understating moisture content. There is no 
thought that, in the long run, recalibration will create large income 
transfers from one set of market players to another. The marketplace 
will undoubtedly adjust fees, margins, and discretioneury discounts to 
reestablish equilibrium. However, the discounts emd incentives will be 
more easily interpreted, and not partially concealed in a measuring 
instrument. Therefore, marketing will be more equitable, and cem center 
more freely on negotiable issues such as price. 
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Multiple readings are time-consuming. The grain trade can operate 
with accuracy to 0.2 percent, which would require multiple drops only 
on samples above 25%. It does seem incongruous to express results to 
0.01 percent, as some meters do, and have the device only capable of 
precision to 0.2-0.4 percent. This proposal tacitly ignores the 
variability between meter and oven; if meter-to-oven variance were 
to be included, one drop would have a precision of about plus or minus 
one point. The grain trade would not accept such wide remges. One 
must consider that, at the point of sale, the meter is the standard, 
not the oven. Any assurances of accuracy with respect to the oven 
must be done in the laboratory, prior to the meter being certified 
for commercial use. 
As mentioned before, test weight corrections are a nuisance, and 
probably are ignored by most users. The design strategy for elimi­
nating them seems the most preferable. To apply mamual corrections 
only on unusual test weight samples still requires the grain dealer 
to measure test weight even if he is not going to use the measurement 
in any other way. Frequent measurements of test weight in wet com may 
invite misuse of it as a discounting factor. 
Meter manufacturers will continually have to update calibrations. 
Regulatory agencies will also wemt to verify new calibrations, and 
new machines, for use in their jurisdictions. A standardized experimental 
design could serve both purposes, and permit the free exchwge of data 
expressible to the same level of statistical precision. For either 
application, laUaoratory costs would be reduced, and credibility enhanced 
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if the tests are designed scientifically, from prior estimates of bias 
and variability. 
The Iowa Department of Agriculture and Iowa State University are 
currently establishing a data exchange system for the analysis of 
moisture meter field test reports. The remdom variability among 
meters of the same brand must be assessed before field toleramces can 
be evaluated in a statistical sense. The present Iowa tolerances, plus 
or minus 0.5 points between two meters, fail about 12% of the meters 
inspected each year. Whether or not this is justified remains to be 
proven. 
The redefinition of the bushel will be the most difficult proposal 
for the grain trade to accept as it will reduce the opportunities for 
profits from blending. But in the long run, it should create 
efficiencies in handling, due to reduced needs for blending facilities. 
For warehousemen, it will allow storage at safe moistures without 
penalty, thereby reducing risk, and probeibly reducing the amount of 
moldy corn that is marketed. 
The dry matter bushel definition would also simplify shrinkage 
calculations. Water losses would be automatically taken out in the bushel 
determination, meaning that shrinkage would be compensating for handling 
losses only. The separate display of handling losses, known to be 
management oriented, would create substemtial incentives for a grain 
dealer to improve his operation. Any action taken to reduce handling 
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losses will probably improve other quality factors (DKT, BCFM) as 
well. 
There would probably always be an upper discount level of moisture 
content, set primarily by safe storage considerations. There may also 
be a lower limit, as it is well known that very dry grain is brittle 
and hard to hemdle. Grain buyers would want to discourage delivery 
of such grain. The cost of dryer energy will tend to self-regulate 
overdrying, however. No grain manager would want to spend 2 cents per 
point to remove moisture that is irrelevant to safe storage. 
The confirmation for the Hall and Hill test weight study is wide­
spread. Test weight should not be discounted in wet corn. The test 
weight discount should be included in the moisture changes. In the 
rare cases when adjusted test weight cannot be expected to meet the 
54 ppb limit, test weight discounts are justified. Load-averaging of 
results within 0.7 ppb of 54 ppb will eliminate the automatic random 
variability penalty to the seller. 
Averaging moisture test results near 15.5% (or whatever the dis­
count limit may be) will reduce the random variability penalty for 
moisture. With dry matter bushels the variability effect would not 
be as severe, since only drying charges would be assessed with respect 
to a cutoff level. The bushels would be converted to dry matter at all 
moistures, so that in the weight determination, both buyer êuid seller 
would share equally in the variability. There seems no way to relieve 
the higher risk that a seller of a few loads bears in relation to a 
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buyer of mamy loads. Hopefully, over a period of years, gains and 
losses will offset one another. 
These proposals are not a cure for all grain quality problems. 
They are a reasonable step with respect to one quality factor, moisture. 
Some of them address traditional practices of the grain trade, in 
particular blending. They do not, however, require a major change in 
the U.S. Grades and Standards. If these changes are enacted, adjust­
ments would probably occur in the grain pricing practices of elevators, 
adjustments intended to reestablish the previous level of profits for 
grain merchandising. However, bargaining would center around more 
negotiable issues, such as price. Buyers and sellers alike would be 
more assured of equitable and efficient grain settlements. 
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12. APPENDIX A: LABORATORY PROCEDURES AND EQUIPMENT 
12.1. Air-oven Method 
The oven procedure used by the USDA (1976) is as follows: 
Place approximately 15 greuns of a representative portion of the 
unground sample in each of two or more tared moisture dishes. 
For high-moisture-content corn (over 25 percent), use 100-greun 
portions instead of 15-gram portions for the determination. 
Weigh the covered dishes and contents. Subtract the weight of 
each dish from the total weight and record the weight of the 
portion. 
Uncover the dishes and place them, with covers beneath, for 72 
hours in the oven regulated at 103® + 1*C. The dishes should be 
placed on a single shelf with the bulb of the oven thermometer 
as close as possible to them, but between, rather tham over, the 
dishes. At the end of the heating period, remove the shelf 
containing the dishes, cover the dishes immediately, emd place 
them in a desiccator. Weigh the dishes when they reach room 
temperature. Calculate the percentage of moisture by dividing 
the loss in weight due to heating by the weight of the original 
sample and multiplying by 100. Replicate determinations should 
check within 0.2 percent moisture. 
The oven used in this project is pictured in Figure 12.1. 
12.2. Test Weight 
The test weight determination procedure used by the USDA (1976) 
is as follows : 
Basis of determination; This determination shall be made on 
a representative portion ranging in size from 1-1/8 to 1-1/4 
quarts of the original sample. 
Method of determination; To determine accurately the test weight 
per bushel of a sample of corn on the standard apparatus, it is 
essential that: 
a. Enough grain be used to cause overflow on all sides of the 
kettle. 
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Figure 12.1. Photograph of the air-oven 
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b. The filling amd stroking of the kettle be accomplished without 
jarring the apparatus; and 
c. The stroking be done cleamly with three full-length, zigzag 
motions with the standard stroker held lightly on the kettle 
with its sides in vertical position. 
The accuracy of the kettle and of beam readings and the sensi­
tiveness of the beam should be tested periodically. 
Figure 12.2 is a diagram of the official test weight apparatus. 
An official apparatus was used in this project. 
12.3. BCFM and Large Brokens 
Both BCFM and large brokens were determined with the Carter 
Dockage Tester. In this project, the Carter Tester was equipped with 
a 16/64-in screen in the top rack and a 12/64-in screen in the middle 
rack. Hemdpicked material other than corn was added to the 12/64-in 
particles to form BCFM. 
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Test Weight Per Bushel Apparatus 
load loop 
balance ball trie loop 
bearing assemblies 
qS 
bubble level 
,/ 
A 
adjustable legs 
Figure 12.2. Diagram of the test weight apparatus (USDA 1976) 
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Figure 12.3. Photograph of the Carter Doctage Tester 
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13, APPENDIX B: A COMPARISON OF OVEN 
METHODS AMONG SEVERAL LABORATORIES 
On two occasions, grain samples were sent to other laboratories 
for air-oven moisture determination. To prepare the samples, 3000-g 
lots of grain were subdivided into glass jars (one pint). Three samples, 
at three moisture levels, were prepared for each exchange. Boxes con­
taining the three jars were shipped via United Parcel Service to the 
participating laboratories. 
Upon receipt of the samples, each l«Ux)ratory removed triplicate 
oven subsamples from each jar and determined moisture content according 
to the USDA procedure (Appendix A). Results (Tables 13.1 and 13.2) 
presented are the averages of the three replicates. 
The results showed reasonably good agreement among laboratories. 
Sampling errors, however, also are present in the differences eunong the 
participants. The corn used was "as found"—field-shelled and uncleaned. 
Cleaning would not likely have made a substantial improvement in relative 
results inasmuch as all corn samples contained less than 1% BCFM. 
The limit of precision for the oven method is considered +0.2 
percentage points. The maximum range being 0.32 percentage point (for 
sample 2880-1), these results are well within the expected precision 
of the method. Therefore, the participants reached the conclusion that 
their reference procedures were standardized one to another emd to the 
USDA. Such a conclusion was necessary for calibration efforts to 
continue. 
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Table 13.1. Air-oven moisture content results on corn samples exchanged 
November 5, 1979* 
Sample _ , ^ Result, % Range (high-low) 
, LeQjoratory . ^ ^ _ 
number moisture percentage points 
11579-•1 Iowa State University 13. 77 
Illinois Dept. of Agriculture 13. 68 
Iowa Dept. of Agriculture 13. 63 
Stein Laboratories, Inc. 13. 50 
Dickey-john. Inc. 13. 47 
11579-•2 Iowa State University 18. 99 
Illinois Dept. of Agriculture 18. 98 
Iowa Dept. of Agriculture 18. 92 
Stein L2Û3oratories, Inc. 18. 83 
Dickey-john, Inc. 18. 83 
11579-•3 Iowa State University 23. 25 
Illinois Dept. of Agriculture 23. 24 
Iowa Dept. of Agriculture 23. 20 
Dickey-john, Inc. 23. 10 
Stein Laboratories, Inc. 23. 06 
*USDA method; whole kernels, 72 h @ 103°C (USDA 1976). 
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Table 13.2 Air-oven moisture content results on com samples 
exchanged February 8, 1980® 
Sample 
number Laboratory 
Result, % 
moisture 
Range (high-low) 
percentage points 
2880-1 
2880-2 
2880-3 
USDA 21. 54 
Iowa State University 21. 31 
Iowa Dept. of Agriculture 21. 37 
Illinois Dept. of Agriculture 21. 43 
Stein Laboratories, Inc. 21. 47 
Dickey-john. Inc. Lost 
Burrows Equipment Co. 21. 66 
USDA 14. 48 
Iowa State University 14. 46 
Iowa Dept. of Agriculture 14. 39 
Illinois Dept. of Agriculture 14. 41 
Stein Laboratories, Inc. 14. 41 
Dickey-john. Inc. 14. 36 
Burrows Equipment Co. 14. 45 
Motomco, Inc. 14. 37 
USDA 18. 22 
Iowa State University 18. 13 
Iowa Dept. of Agriculture 18. 21 
Illinois Dept. of Agriculture 18. 27 
Stein Laboratories, Inc. 18. 20 
Dickey-john. Inc. 18. 05 
Burrows Equipment Co. 18. 19 
Motomco, Inc. 18. 35 
0.32 
0.12 
0.30 
^SDA method; whole kernels, 72 h @ 103®C (USDA 1976) . 
